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Description 

Field of the invention 

5 The field of this invention involves the insertion of foreign DNA which is desired to be expressed in a 
plant, into a transformation vector, Le. f a plasm id capable of introducing the DNA into plant cells and then 
maintaining that DNA. Plant ceils containing foreign genes which have been introduce by this transformation 
vector, are used to regenerate morphologically normal plants that carry foreign genes. In an ideal situation, 
these foreign genes should be carried through meiosis to subsequent generations of plants. 

io A goal of plant genetic manipulation is to introduce desired genes into a plant in such a manner that 
these genes will be functional in the desired tissue at the correct time. The most promising vehicle for such 
plant genetic manipulations makes use of the Ti-plasmid of Agrobacterium tumefaciens and the Rl-plasmid 
of A. rhizogenes. A number of investigators have used the soil organism A. rhizogenes which causes hairy 
rooTdisease (Costantino, P. et al. (1980) Gene 11:79-87). The transformed plant tissue contains plasmid- 

75 derived DNA sequences and the tissue synthesizes an opine resembling agropine (Chilton, M-D., et al. 
(1982) Nature, London 295:432-434; White. F. F. et al. (1982) Proc. Nat. Acad. Sci. U.S.A. 79:31 93-3T97). 
One advantage of A. rhizogenes is that, unlike crown gall tumors, transformed tissue quite easily 
regenerates into plantlets containing high concentrations of opines. 

In addition, specific foreign DNA fragments have been inserted into the T-DNA region of the Ti-plasmids 

20 of A. tumefaciens (Leemans, J. et al. (1981) J. Mol. Appl. Genet. 1:149-164; Ooms, G. et al. (1982) Plasmid 
7:15-29). Standard in vitro recombinant DNA technology was used to insert a chosen restriction fragment 
into a specific restriction site lying in a cloned portion of the T-region. After the resulting plasmid was 
introduced into an A. tumefaciens strain carrying a wild type Ti plasmid, then homologous recombination 
between the two plasmids produced a Ti-plasmid carrying foreign DNA in the T-region. Tumors produced 

25 by infection of plants with A. tumefaciens containing this recombined Ti-plasmid contained the foreign DNA 
(Garfinkel, D. J. et al. (1981) Cell 27:143-153; Ooms, G. et al. (1981) Gene 14:33-50; Hernalsteens, J. P. et 
al. (1 980) Nature, London 287:654-656). ~~ 
— Transformation vectors, e.g., Tl-plasmids, can carry foreign genes and stably introduce them into plant 
cells by transfer of the T-DNA regions into the plant genome. These vectors should be able to transform 

so single cells or protoplasts. Such a transformation has been achieved by (i) fusion of bacterial spheroplasts 
with protoplasts (Hasezawa, S. et at. (1981) Mol. Gen. Genet. 182-206) (ii) the transformation of protoplasts 
with partially regenerated cell walls by intact bacteria (Marton, L et al. (1979) Nature, London 277:129-131) 
and (iii) the delivery of intact Ti-plasmids into protoplasts either as free DNA in the presence of 
polyethylene glycol and calcium (Krens, F. A. et al. (1 982) Nature, London 296:72-74), or encapsulated in 

35 liposomes (Draper, J. et at (1982) Plant Cell Physiol 23:255). 

When any of these methods are used, a selectable marker should be available. One possibility is to use 
antibiotic resistance markers but it would be undesirable to spread such resistance genes in the commercial 
applications of genetic engineering. Transformed cells which form tumors are generally to be avoided 
because it is sometimes difficult to regenerate plantlets from such tumor tissue. A possibility of avoiding 

40 tumor formation is to use crippled Ti-plasmids which do not cause the formation of tumors but still insert 
their T-DNA into the plant genome (Leemans, J. et al. (1982) EMBO. J. 1:147-152). 

In summary, the field of the present invention is the construction of plant transformation vectors which 
possess maximum efficiency in the transfer of foreign genes to a plant genome and which then can be 
amplified in the plant genome whenever desired. These plant transformation vectors should confer 

as maximum expression of these foreign genes in the desired tissues and at the desired time. 

Background of the Invention 

Crown gall disease of dicotyledonous plants results from an infection by the gram-negative soil 
so bacterium Agrobacterium tumefaciens. The ability of a strain of A. tumefaciens to transform plant cells and 
to induce tumors can be correlated to the presence of a large single copy plasmid (the Ti plasmid, which 
ranges in size from 140 to 235 kilobases). The transformation of plant cells is the result of transferring 
genetic information, i.e., T-DNA, from the Ti plasmid to the nucleus of the plant cell. Once this transfer has 
been achieved, the bacterial cell is no longer needed to maintain the transformation (Chilton, M-D., 
55 Drummond, M. H., Merlo, D. J., Sciaky, D., Montoya, A. L., Gordon, M. P. and E. W. Nester (1977) Cell 
VI 263-271). 

The transferred T-DNA produces observable phenotypes in the host such as opine synthesis. The 
earliest opines to be identified resulted from the condensation of an amino acid and a keto acid (Goldman, 
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A.. Tempe, J. and G. Morel (1968) Compt. Rend. Acad. Sci. (Paris) 162:630-631). As noted above, plant 
tumors can be grown in the absence of the causative bacteria and yet they still synthesize opines. Octopine 
synthase (also named lysopine dehydrogenase) is a single polypeptide chain of molecular weight 38,000 to 
39,000 and catalyses the condensation of pyruvate with arginine, histidine, lysine or ornithine (Hack, E. and 

5 J. D. Kemp (1980) Plant Physiol. 65:949-955) using NADH or NADPH as co-factor. A second group of 
opines is produced by nopaline synthase which is a tetrarner of four identical polypeptide chains, each ol 
which is approximately 40,000 molecular weight. Again NADH or NADPH is used as the co-factor, but the 
keto acid is a ketoglutaric acid and the amino acid is arginine or ornithine (Kemp, J. D., Sutton, D. W. and 
E. Hack (1979) Biochemistry 18:3755-3760). Later, it was shown that a particular strain of A. tumefaciens, 

w which induced tumors synthesizing, for example, octopine could use octopine as a sole source of carbon 
and nitrogen (Montoya, A. L, Chilton, M. D., Gordon, M. P. Sciaky, D. and E. W. Nester (1977) J. Bacteriol. 
129:101-107). Another opine has been identified (Firmin, J. L and G. R. Fenwick (1978) Nature, London 
276:842-844). This opine is ag rapine and is the result of a condensation reaction between an amino acid 
and a sugar (Coxon, D. T., Davies, A. M. C, Fenwick, G. R., Self, R. Firmin, J. L., Lipkin, D. and N. F. 

T5 James (1980) Tetrahedron Letters 21 :495-498). 

The T-DNA (the DNA transferred from the Ti Plasm id to the plant nucleus) varies from one Ti plasmid 
group to another. The octopine A-type plasmids transfer two pieces of plasmid DNA to plant cells either 
together or separately (Thomashow, M. F., Nutter, R., Montoya, A. L, Gordon, M. P. and E. W. Nester 
(1980) Cell 19:729-739). One piece of a ca. 8 x 10 s daltons is always found in tumors with a frequency of 

20 one copy/ceTTwhereas another piece of ca. 5 x 10 s daltons is sometimes absent and sometimes present at 
a frequency of up to 30 copies/cell. The two pieces are co-linear on the Ti plasmid restriction endonuclease 
map but are integrated into the host plant nucleus as separate units. In contrast, the nopaline-type plasmids 
transfer a single larger piece of Ti plasmid DNA (ca. 10x10* daltons) and this is maintained at a frequency 
ol 1-20 copies/tumor ceil (Holsters, M. et al. Plasmid 3:212-230). 

25 The transferred T-DNA is integrated into the" chromosomal DNA of the transformed plant cells 
(Thomashow, M. F. et al. (1980) supra) and is extensively transcribed into poly-A-containing mRNA (Gurley, 
W. B., Kemp, J. D., Albert, M. J.TSutton, D. W. and J. Collins (1979) Proc. Nat. Acad. Sci. U.S.A. 76:1273- 
1277; McPherson, J. C. et al. (1980) Proc. Nat Acad. Sci. U.S.A. 77:2666-2670). Part of this transcription 
codes for the opine synthases (Koekman, B. T. et al. (1979) Plasmid~2:347-357). 

30 Tumor ceils containing T-DNA can be maintained in culture indefinitely. Further, unlike normal plant 
cells, tumor ceils can be grown on a chemically defined medium which lacks added auxins and cytokinins 
(plant growth hormones) (A. C. Braun (1958) Proc. Nat. Acad. Sci. U.S.A. 44:344). Mutants of Ti plasmids 
can be used to define the location of functional genes such as (i) loci in the T-DNA which determine tumor 
morphology and opine synthesis (ii) loci outside the T-DNA which are required for virulence and (iii) regions 

35 which have no apparent effect on tumorigenicity (Holsters, M. et al. (1980) Plasmid 3:212-230; de Greve, H. 
et al. (1981) Plasmid 6:235-248; Ooms, G. etal. (1982) Rasmid7:15-29). 

The genetic organization of the T-DNA of a number of tumors promoted by strains of A. tumefaciens 
containing octopine Ti plasmids has been studied (Merlo, D. J. et al. (1980) Mol. Gen. Genet" 177:637-643; 
De Beuckeleer, M. eTal. (1981) Mol. Gen. Genet. 183:283-288; fho~mashow, M. F. et al. (1980)"Cell 19:729- 

40 739). In some tumor lines, the T-DNA occurs as two segments. The left end of theT^DNA is called^ and 
includes tms (tumor morphology shoot), tmr (tumor morphology root), tml (tumor morphology large) and, 
sometimes, ocs (octopine synthase) while the right end is called T R . Tumor maintenance requires T L but not 
T R . Transformed cells induced by wild type octopine Ti plasmids have been selected in two ways (i) the 
tissue must be able to form tumors and (ii) the tissue must be able to grow in vitro in the absence of 

45 phytohormones. A serious problem associated with the use of wild type Ti plasmids is that it is very difficult 
to regenerate whole plants from the tumor tissue. 

In order to regenerate plants from transformed tissue culture, mutants can be obtained in the tms, tmr 
and tml loci. However, it then becomes difficult to distinguish transformed tissues from untransformed tissue 
leading to a requirement for some form of selection. One form of selection has been by the insertion ol 

so antibiotic resistance genes into the T-DNA (Ursic, D. et al. (1981) Biochem. Biophys. Res. Comms. 
HH:1031) (Jiminez, A. et al. (1980) Nature (London) 287:869) (Jorgensen, R. A. et al. (1979) Mol. Gen. 
Genet. 177:65). In one instance resistance to the antibiotic G418, which is toxic to tobacco cells in culture, 
was incorporated into the T-DNA. In a second instance, the bacterial transposon Tn5, which confers 
resistance to kanamycin, was incorporated into the T-DNA. A disadvantage to the use of this type of 

55 selection to detect transformed plant tissue is that it leads to needless spread of antibiotic resistance genes. 
Such a spread of antibiotic resistance genes would be of very large significance rf such selection were to be 
used in the agricultural commercial applications of gene transfer via Ti plasmid vectors. Some other method 
of differentiating transformed from untransformed plant tissue would be highly desirable especially if such 
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selection were to utilize a normal component of Ti plasmids. 

In any program involving the genetic alteration of plants, foreign DNA of interest must be inserted into a 

transformation vector, i.e., a plasmid, which in turn can stably introduce the DNA into plant cells. These 

plant cells containing the foreign genes introduced by way of the transformation vector can then be used to 
5 regenerate morphologically normal plants. In an ideal situation, the altered plants should transmit the foreign 

genes through their seeds. 

The best available transformation vector at present is the T-DNA fragment which is transferred and 

integrated into the plant genome from the Ti-plasmid of Agrobacterium tumefaciens following infection. 

However, if wild type A. tumefaciens is used, then the plant develops a crown gall and it becomes difficult 
w to regenerate whole plants from such crown gall tissue. If mutants in the tumor genes (tms, tmr or tml) are 

used, then regeneration of plants becomes a practical proposition but selection of transformed tissue 

becomes difficult Selection can be re-established by inserting an antibiotic resistance gene into the T-DNA 

but this method is undesirable for reasons already discussed (see above). 

After the work described in the "Detailed Description of the Invention" was completed, Van Slogteren et 
75 al. (Van Slogteren, G. M. S. (1982) Plant Mo!. Biol. 1:133-142) reported that homoarginine was less toxic to 

transformed cells than to normal cells. Although homoarginine is a substrate for octopine synthase (Otten, L. 

A. B. (1979) Ph.D. Thesis, University Leyden, Netherlands; Petit, A. et al. (1966) Compt Rend. Soc. Biol. 

(Paris) 160:1806-1807), in independent experiments we did not obtairTa - selection for transformed ceils by 

use of homoarginine. Little or no selectivity by homoarginine for octopine synthase containing tissues 
20 compared to other crown gall or normal tissues was observed (Fig. 1). These independent by us results 

made it seem unlikely that the use of any amino acid analogs to select transformed tissues and cells would 

be successful. 

Summary of the Invention 

25 

This invention makes use of unique T-DNA constructions from the Ti-plasmid of Agrobacterium 
tumefaciens to transfer foreign genes for expression in new plants and to recognize transformed cells 
carrying such foreign genes incorporated into their genomes by selection for an unaltered T-DNA opine 
synthase gene. Such a selection for transformed cells carrying foreign genes can be done without the 

30 development of tumor tissue which makes plant regeneration difficult and without spreading antibiotic 
resistance genes throughout the plant population. 

According to the present invention, there is provided a vector plasmid for the transfer of foreign DNA 
into the genome of recipient plant cells comprising a heterologous DNA sequence which is expressible in a 
plant, and which is flanked on each side by a T-DNA repetitive sequence selected from the group 

35 consisting of RoTL(A), RoTL(B), RoTR(C) and RoTR(D) having the nucleotide sequences set out hereafter. 

Preferably, the vector plasmids of the invention contain a versatile restriction endonuclease site with 
sticky ends which are compatible to the sticky ends of a number of restriction endonucleases and which 
can therefore be used for the insertion of foreign DNA fragments obtained with the aid of different restriction 
endonucleases. In these T-DNA constructions, the tumor forming genes may be deleted and no antibiotic 

40 resistance genes need be utilized. 

In the presence of a toxic amino acid analog, normal, untransformed cells are unable to grow in culture 
media or only able to grow extremely slowly, whereas transformed cells containing one or more opine 
synthase genes are able to detoxify the toxic amino acid analog and so are able to grow. The difference 
between the growth rates of normal and transformed cells is quite clear when a variety of toxic amino acid 

45 analogs are used to select for transformed cells or protoplasts. In the absence of tumor inducing genes, it is 
easier to regenerate plantlets from tissue culture cells or protoplasts. 

Accordingly, the present invention also provides a method of selecting non-tumorous plant cells 
transformed with a DNA sequence comprising a plant expressible opine synthase gene and a plant 
expressible heterologous gene, said sequence being flanked on each side by a T-DNA repetitive sequence 

so selected from the group consisting of RoTL(A), RoTL(B), RoTR(C) and RoTR(D) having the nucleotide 
sequences as defined hereafter from a mixture containing said transformed plant cells and untransformed 
plant cells comprising: 

(a) plating said mixture on a suitable growth medium containing an amino acid analog toxic to normal 
cells and metabolized by a plant cell expressing the opine synthase encoded by said gene; 
55 (b) growing said mixture on said growth medium for a selected period of time to provide colonies of plant 
cells; and 

(c) selecting from said colonies those colonies exhibiting greater growth rates. 

In addition , the T-DNA constructions used in this normal invention permit the recognition of plant cells 
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or protoplasts which have incorporated only parts of TL-DNA, only parts of TR-DNA or parts of both TL- 
DNA and TR-DNA. Since multiple copies of TR-DNA are often found in a transformed plant genome, this 
very desirable feature could be used when a high level of expression of foreign genes is required. 

5 Detailed Description of the Invention 

This invention relates to the construction of recombinant plasmids derived from the T-DNA region of Ti 
plasmids of Agrobacterium tumefaciens. As mentioned above, these recombinant plasmids contain a 
heterologous DNA sequence which is expressible in a plant, and which is flanked on each side by a T-DNA 

io repetitive sequence selected from the group consisting of RoTL(A) ( RoTL(B), RoTR(C) and RoTR(D). These . 
repetitive sequences are normally involved in the transfer of T-DNA from the Ti-plasmid to the plant 
genome. The plasmids may also contain the octopine synthase gene, which normally catalyses the 
condensation of an amino acid with pyruvate, and/or the agropine/mannopine synthase genes which 
normally catalyse the condensation of an amino acid with a carbohydrate. The preferred recombinant 

;s plasmid constructions described here specifically delete the genes controlling tumor formation and each 
construction contains a unique BgNI site into which foreign DNA fragments encompassing one or more 
functional prokaryotic or eukaryotic genes can be inserted. Other constructions containing other restriction 
sites, either substituting for or in addition to the Bglll site, may be incorporated, as will be understood by 
those of ordinary skill in the art. 

20 Plant cells, which have become infected by A. tumefaciens carrying these constructed recombinant 
plasmids, may have incorporated the T-DNA section. When tumor-formation genes are deleted or rendered 
inoperative, the cells containing T-DNA do not display the altered morphology and growth habits that 
normally make transformed cells distinguishable from untransformed cells. In order to recognize which plant 
cells have incorporated the T-DNA sections of these constructed recombinant plasmids lacking tumor genes 

25 into their genomes, the plant cells are grown on certain toxic amino acid analogs disclosed herein. Those 
cells which carry one or more of certain opine synthase genes can metabolize the toxic amino acid analog 
to a non-toxic product and will therefore be able to continue growth while those cells which do not contain 
such opine synthase genes will incorporate the toxic amino acid analog into their proteins resulting in death 
ol such cells. 

30 In order to be able to precisely construct a variety of recombinant T-DNA plasmids with the 
characteristics described above, the complete nucleotide sequence of T-DNA (22,874 nucleotides) and 
approximately 900 nucleotides on each side of the T-DNA was obtained. A number of T-DNA restriction 
fragments were sub-cloned into pBR322 and propagated in either E. coli. strains HB101 or GM33. The 
individual clones were then sequenced using the method of Maxam and Gilbert [(1977) Proc. Nat. Acad. 

35 Sci. U.SA 74:560] (see Example 1). 

The nucleotide sequence of a portion of the TI plasmid 15955 containing the T-DNA region is shown 
(Fig 2). Only one strand of the DNA sequence is presented. It is orientated from 5' to 3' and extends 
continuously for 24,595 bases, from a Bam HI site on the left of fragment Bam8 to an EcoRI site on the right 
o1 fragment EcoD (Fig. 3). Both strands were sequenced for 90% of the DNA. TheTremaining 10% was 

40 sequenced on one strand but this was often duplicated by sequencing from different restriction sites. 

A restriction endonuclease map of the sequenced region is shown for five different restriction enzymes 
(Fig. 3). BamHI, EcoRI and Hindill were used to divide the T-DNA region into suitable fragments for 
subcloning into pBR322. The fragments, indicated by the shaded areas, were used in the construction of T- 
DNA recombinants cloned into pSUP106 for transfer and subsequent replication in A. tumefaciens. The 

45 construction of these T-DNA recombinants was facilitated by a knowledge of the other restriction en- 
donuclease sites (Table 1). Of the 73 enzymes analysed, only sites for EcoK were not present in the Ti 
sequence. The site locations of enzymes which would digest the DNA more than 30 times are not given. 

It has been reported that extended direct repeats of 21-25 bases occur at the borders ol the T-DNA 
(Bevan, M. W., and Chilton, M-D. (1982) Ann. Rev. Genet. 16:357-384). In this work, these two repeats have 

so been shown to start at positions 909 and 23,783, respectively, and they are marked at positions A and D 
(Fig. 3). These two repeats are referred to hereafter as RoTL(A) and RoTR(D). They are exact direct repeats 
for 12 bases but they can be extended into 24 base imperfect repeats. Assuming repeats RoTL(A) and 
RoTR(D) set the outer limits, the total T-region length is 22,874 nucleotides. These border repeat 
sequences occur in both octopine and nopaline Ti plasmids and play a fundamental role in the transfer of 

55 the T-region to the plant genome. In the present study, similar repeated sequences were also found at two 
locations within the T-region at positions 14,060 (B) and 15,900 (C). These two repeats are referred to 
hereafter as RoTL(B) and RoTR(C). The presence of these internal repeats is especially interesting because 
ot the observations that the T-DNA in octopine crown gall cells has a complex organization involving one 
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(TL-DNA) or two (TL-DNA and TR-DNA) regions (De Beuckeleer, M. et al. (1981) Mol. Gen. Genet. 183:283- 
288; Thomashow, M. F. et al. (1980) Cell 19:729-739). The TL-DNA contains the tumor inducing genei~(tms, 
tmr and tml) and occurs in all tumor lines so far examined whereas the TR-DNA occurs only in primary 
tumors end in some stable tumor lines. The fact that these two T-DNA regions appear to be able to 
integrate independently and that both are bounded by the basic repeats provides additional evidence of 
their fundamental role in the transfer of the T-DNA from the Ti-plasmid to the plant genome. The nucleotide 
sequence of the four repeats is presented here. 

Repeat Nucleotide Sequence 

RoTL(A) GGCAGGATATATTCAATTGTAAAT 

RoTL(B) GGCAGGATATATACCGTTGTAATT 

RoTL(C) GGCAGGATATATCGAGGTGTAAAA 

RoTL(D) GG C AGG AT AT ATG CGG T T G T A A T T 



Within the total T-region there are 26 open reading frames (Fig. 3) longer than 300 nucleotides which 
start with an ATG initiation codon. These possible transcripts would encode polypeptides ranging in size 
from 11.2 kilodaltons to 83.8 kilodaltons. Fourteen of these open reading frames show possible eukaryotic 
promoter sequences with close homology to the Goldberg- Hogness box. They also show close agreement 

30 to the possible eukaryotic ribosome binding site reported by Kozak (M. Kozak (1978) Cell 15:1109-1123; 
Kozak, M. [(1979) Nature (London) 280:82-85] and contain possible poly(A) addition sites atTheir 3'-ends 
which are thought to act as transcriptional termination signals (Brawerman, G. (1974) Ann. Rev. Biochem. 
43:621-642; (1975) Prog. NucL Acid Res. Mol. Biol. 17:117-148). Open reading frame 11 codes for octopine 
synthase while open reading frames 24, 25 and 26 code for mannopine and agropine synthases. It is 

35 noteworthy that all the possible eukaryotic transcripts occur within the TL and TR-DNA regions. The open 
reading frames between the direct repeats RoTL(B) and RoTR(C) and also to the right of RoTR(D) and to 
the left of RoTL(A) show possible Shine-Dalgarno ribosome binding sites and thus appear to be prokaryotic 
in origin. 

The information made available by the present invention as described above enables the construction of 

40 a variety of recombination plasmids eminently useful in the transfer of foreign genes and/or foreign DNA 
into the genome of recipient plant cells. Foreign genes and/or foreign DNA are here defined as DNA 
nucleotide sequences which are not normally present in the T-DNA of a Ti-plasmid. Knowledge of the 
nucleotide sequence provides information on the locations of the promoter regions of the various genes and 
the boundaries of the open reading frames and therefore, as a corollary, also gives the amino acid 

45 sequence and molecular weight of the various encoded proteins. In addition, the nucleotide sequence has 
located all of the direct repeat regions which are of vital importance in the transfer of the T-DNA (including 
various foreign genes and/or foreign DNA) from the Ti-plasmid to the plant cell genome. Examples 2 - 7 
give details of the construction of a number of useful recombinant T-DNA*s which can be inserted into a 
wide host range plasmid. In each of these constructions, suitably located unique restriction sites are 

so available for the insertion of foreign DNA containing one or more genes. In addition, antibiotic resistance 
genes are incorporated in the vector region of the recombinant plasmid, i.e., outside the T-DNA repetitive 
regions which include the selective opine synthase gene and the foreign DNA and/or foreign genes. 

A novel feature of these T-DNA recombinant constructions is that the tumor inducing genes (tms, tmr 
and tml) are preferably deleted or inactivated with the result that it becomes easier to regenerate intact 

55 plants from transformed cells. However, it also becomes more difficult to distinguish between transformed 
and normal cells, since they no longer form tumors and so a new method of selecting transformed cells 
must be devised. Van Slogteren et al. [(1982) Plant Mol. Biol. 1:133-142] transformed plant cells into 
octopine-synthesizing tumor cells after infection with a strain of A. tumefaciens carrying an octopine Ti- 
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plasmid 

They claimed that, when small normal shoots and octopine synthase containing crown gall shoots were 
transferred to solidified agar media containing various levels of homoarginine (HA), growth of normal shoots 
was clearly inhibited after two to three weeks. In contrast, the crown gall shoots were not inhibited at all at 

s the lower concentrations of homoarginine and only slightly inhibited at the higher concentrations. 

Van Slogteren et aj. [(1982) supra ] also tested the effect of homoarginine on freshly isolated normal and 
crown gall protoplasts7After three weeks they observed a clear difference (microscopically) in the growth of 
normal protoplasts compared to crown gall protoplasts. In seven experiments crown gall protoplast showed 
no growth inhibition and hardly any difference was observed in the crown gall cultures in the presence or 

w absence of HA, whereas in normal cultures in HA the survival rate was estimated to be 10% or less. 

Independent experiments by us gave different results. Crown gall tumor lines 15955/1 and 15955/01 
were used for these studies: these tissues are derived from single cell clones obtained from tumors incited 
on N. tabacum cv. w Xanthi w by A. tumefaciens strain 15955 (Geivin, S. B. et al. (1982) Proc. Nat. Acad. Sci. 
U.S.A. 79:76-80). Both lines grow on medium lacking cytokinins and auxins and both contain T-DNA. 

T5 However, octopine is not found in line 15955/1, whereas it is found in line 15955/01 reflecting the fact that 
the octopine synthase gene is not present in the former line, whereas it is present in the latter line. The 
presence of octopine synthase in line 15955/01 and its absence in line 15955/1 was later confirmed. Thus, 
these two lines are ideal for testing whether or not the toxic analog homoarginine could be used to select 
octopine synthase containing genes as claimed by van Slogteren et al. (supra). As can be seen from Figure 

20 1, homoarginine affected the growth of the two tumor lines about equally. Clearly, tissue from a line 
containing the octopine synthase gene was not distinguishable from a line without the octopine synthase 
gene. The reason for the discrepancy between our results and those of van Slogteren et al. is at present 
unclear. 

Surprisingly, therefore, further experimentation with a number of other amino acid analogs showed that 

25 selection of octopine synthase containing transformed plant cells was successful with some of the analogs 
but not with others. The relative differences in growth of tissues on medium that contained L-2, 4-diamino-n- 
butyric acid (an analog of L-ornithine) or 2-thiazolyl-alanine (an analog of histidine) were small and 
inconsistent from experiment to experiment and work with these analogs was abandoned. 

The same two tissue culture lines (i.e., 15955/1 and 15955/01) as were used to test the selective 

30 abilities of homoarginine, were also used to test the selective abilities of canavanine-SO* (also an analog ol 
arginine) and 2-amino-ethyl-cysteine (an analog of L-lysine). In view of the failure to select for cells with the 
ability to synthesize octopine synthase by growth on medium containing homoarginine, it was mosl 
surprising to find a considerable degree of selection for such cells when tests were conducted on 
canavanine-SO* (CS) (Fig. 4). Even more surprising was the powerful and absolute selection for trans- 

35 formed octopine synthase producing cells when the selection was done on medium containing even very 
low concentrations of 2-amino-ethyl-cysteine (AEC) (Fig. 5). These two amino acid analogs (CS and AEC) 
can be used to select for transformed cells in tissue cultures and regenerating plants obtained from these 
tissue cultures or for transformed protoplasts. 

Furthermore, the same approach to selection is useful with the agropine synthase genes. Agropine and 

40 mannopine appear to be derived from condensation of glutamine and a carbohydrate and results from this 
invention have also clearly demonstrated that when agropine/mannopine synthase genes are present in 
transformed cells, then the use of a toxic amino acid analog distinguishes transformed cells from normal 
cells. In principle, nopaline synthase could be used to detoxify an appropriate toxic analog of its arginine 
substrate to achieve selection in the described manner. An appropriate analog has not been identified to 

45 date. 

A number of strains of Nicotiana tabacum were tested for their ability to grow on toxic analogs of amino 
acids participating in the agropine-mannopine biosynthetic pathway. Details of the strains used are shown 
(Table 2). 

In all experiments 50mg pieces of tissue were used initially. Three pieces were placed on each petri 
so dish and duplicate dishes were used. These tissue pieces were grown for 9 weeks before they were 
harvested, dried and weighed. In one set of experiments two strains of Nicotiana tabacum cv. Xanthi were 
tested. One strain 159 No.-1 was agropine/mannopine negative while the other strain 1590-1 was 
agropine/mannopine positive. These two strains were tested for their ability to grow on various levels of 
glutamic-hydrazide (GH-Table 3), S-carbamyl-L-cysteine (CC-Table 5) and 6-diazo-5-oxo-L-norleucine 
55 (DON-Table 7). When grown on 20ug GH/ml medium, the growth rate of Strain 159 No.-1 
(agropine/mannopine negative) had declined to 9.1% of the control growth rate (Table 3) whereas Strain 
1590-1 (agropine/mannopine positive) had only declined to 86.4% of the control rate. The differences 
between the growth rates of the two strains on this toxic amino acid analog were clear and striking. When 
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these two strains were grown on 25ug CC/ml medium, there was a clear drop in the growth rate of the 
agropine/mannopine negative strain to 6.9% of the control growth (Table 5) whereas there was essentially 
no drop in the growth rate of the agropine/mannopine positive strain. Finally, when the agropine/mannopine 
negative strain was grown on 0.25ug DON/ml medium, there was no growth whatsoever, whereas the 

s agropine/mannopine positive strain had only declined to 24% of the control growth rate (Table 7). 

In a second set of experiments, an agropine/mannopine negative strain (WC 58-Table 2) and an 
agropine/mannopine positive strain (W-B634) of Nicotiana tabacum cv Wisconsin 38 were tested on various 
levels of GH, CC and DON. In the case of GH (Table 4), the agropine/mannopine negative strain WC58 was 
dead in the presence of 10ug GH/ml of medium, whereas the growth rate of the agropine/mannopine 

70 positive strain W-B634 was still 55% of the control growth rate. When the same two strains were tested on 
CC (Table 6), the agropine/mannopine negative strain was dead in the presence of 50ug CC/ml of medium 
while the positive strain showed no decrease at all in the growth rate. Finally, the results were also quite 
clear cut when these strains were grown on DON (Table 8). In the presence of 0.1 2ng DON/ml of medium, 
the agropine/mannopine negative strain (W-C58) was dead while the agropine/mannopine positive strain (W- 

75 B634) had grown to some extent (i.e., 12% of the control growth rate). 

Thus, the results revealed in this invention teach a unique method of selecting for transformed tissues, 
cells and protoplasts. These results make use of the fact that untransformed cells lacking the genes for 
opine synthesis cannot grow in the presence of toxic amino acid analogs, whereas transformed cells 
containing opine synthases are able to grow. Furthermore, the selection can be used either when the 

20 octoplne synthase genes are present or when the agropine/mannopine synthase genes are present. 

The ability to select for transformed ceils by selecting for the octopine synthase or the 
agropine/mannopine synthase genes permits a further refinement in the engineering of foreign genes which 
are desired to be expressed. Thus, the transformed cells may be obtained by selecting for one of the opine 
synthase biosynthetic pathways and inserting the foreign gene(s) into the reconstructed T-DNA in such a 

25 manner that expression of these genes comes under the control of the other opine synthase. For example, 
it would be possible to construct a T-DNA containing RoTL(A), octopine synthase, RoTL(B), 
agropine/mannopine synthase-RoTR(D). An analog of lysine, e.g., 2-amino-ethyl-cysteine could be used to 
select for transformed cells by selecting for octopine synthase while the unique Mstil site (nucleotide 1 9471 
within the agropine/mannopine genes) could be used to insert any foreign DNA. 

30 A further advantage of such a T-DNA construction would be that the two repetitive sequences RoTL(A) 
and RoTL(B) as well as the octopine synthase gene used to select for transformed gene(s) which would still 
be expressed under the control ol Ihe agropine/mannopine synthase gene promoter region. 

In summary, the use of reconstructed T-DNA plasm ids containing only the direct repeats involved in 
incorporation of the T-DNA into the plant genome and one or more opine synthesizing genes has resulted in 

35 the following useful results: 1. The tumor inducing genes have been deleted resulting in greater success of 
plant regeneration from transformed tissue cultures or protoplasts. 2. The opine synthesizing genes have 
been used to select for those plant cells which have incorporated the T-DNA (and therefore in addition any 
foreign genes which have been inserted). 3. The invention now permits the recognition of plant cells which 
have incorporated only parts of TL, only parts of TR or parts of both TL and TR. Since multiple copies of 

40 TR are found in a transformed plant genome, this feature could result in a much higher level of expression 
of foreign genes incorporated into some of these T-DNA constructions. 

Example 1 : Sequencing of the nucleotides of the T-DNA from the Ti plasmid pTi 15955 

45 Fragments of T-DNA and the flanking regions obtained by use of restriction endonucleases were cloned 
into pBR322 and then propagated in either E. coli strains HB101 or GM33. The individual clones were then 
sequenced using the method of A. M. Maxam~ind W. Gilbert [(1977) Proc. Nat. Acad. Sci. U.S.A. 74:560]. 
For sequencing 1 0ug of the cloned DNA's were cut with a suitable restriction enzyme and then treaFed for 
30 minutes at 55 *C with 2.5 units of calf intestinal alkaline phosphatase after the pH was adjusted by 

50 adding one-tenth volume of 1.0 M Tris/HCI pH 8.4 to the reaction tube. The alkaline phosphatase was 
removed by three phenol extractions followed by two ethanol precipitations. The dephosphorylated DNA 
was then dried and taken up in 15ul water and 15ul denaturation buffer consisting of 20mM Tris/HCI, pH 
9.5, ImM spermidine and 0.1 mM EDTA. This mixture was incubated at 70° C for 5 minutes and then 
immediately put into iced water. After chilling, 4uJ of kinase buffer consisting of 500 mM Tris/HCI pH9.5, 

55 100 mM MgCI 2 , 50 mM dithiothreitol, 50% (v/v) glycerol, 100u Ci of [ - 32 p] ATP and 2.0 units of 
polynucleotide kinase were added and the reaction mixture was incubated at 37 °C for 30 minutes. The 
reaction was stopped by ethanol precipitation and the sample dried. The double end-labelled DNA was 
digested with a suitable restriction enzyme to produce single end-labelled fragments which were then 



9 



EP 0 140 556 B1 



separated on and eluted from a polyacrlamide gel (procedures 4, 5a. 7 and 9 of Maxam and Gilbert). The 
DNA sequencing reactions were then carried out as described (Maxam, A. M. and W. Gilbert 1977) supra) 
with the following modifications. The limiting G + A reaction was carried out by adding 30ul of 88% formic 
acid to the reaction mix and incubating at 20* C for 3 minutes. The reaction was stopped by the addition ol 

s 400ul 0.3M Na-acetate (hydrazine stop). The G reaction time was reduced to 20 seconds and incubated at 
20 *C. The C + T and C reactions were reduced to three minutes at 20 °C and stopped by the addition ol 
400ul hydrazine stop. All the reactions were then continued as described (Maxam, A. M. and W. Gilbert 
(1977) supra). Long sequencing gels 20cm wide, 10cm length and 0.2 mm thick were used to separate the 
oligonucleotides. The gel plates were treated with a silane (Garoff, H. and Ansorge, W. (1981) Ana). 

w Biochem. 115:450-457) to bind the acrylamide chemically to one face plate. The other supporting plate is a 
thermostating plate which maintains the gel at 50* throughout electrophoresis. Samples were separated on 
4%, 6% and 16% acrylamide gels. Differential time loadings were avoided by applying each sample to 
each of the three gels simultaneously. Gels were run for 14 hours at 3,000 volts to provide adequate cross- 
over of the sequencing ladders from gel to gel. After electrophoresis, the gel (bonded to the face plate) was 

15 fixed in 10% acetic acid for 15 minutes, then rinsed in water, The gel dried directly onto the face plate, 
shrinking to a thickness of approximately 0,01mm. Consequently, X-ray film could be placed in direct 
contact with the dried gel resulting in increased band intensity and resolution. Auto-radiography was carried 
out at room temperature without the use of intensifying screens. Using these techniques, it was possible to 
routinely sequence 500 base pairs per fragment. Therefore, by applying 5 fragments to each set of 3 gels, 

20 2500 bases of sequence could be obtained. Analysis of the DNA and protein sequences were done by 
computer. The programs used were those of Dr. 0. Smithers and Dr. F. Blattner (University of Wisconsin, 
Madison). 

Example 2: Construction of a micro-Ti plasmid including RoTL(A), RoTL(B) and the octopine synthase gene 

25 

Clone p233 consiste of the BamHI fragment 17 and EcoRI fragment E (Figs. 6 and 6a) cloned into the 
vector pBR322 (Bethesda Research Laboratories, Inc., PX)7Box 577, Gaithersburg, MD 20760). The clone 
was cleaved with the restriction endonuclease Smal (Fig. 6a), the blunt ended Smal restriction site was 
converted to a Bglll site by the use of Bglll linkers and the DNA was ligated and then transformed into E. 

30 coli K802. The resulting recombinant plaimid was purified and then transformed into E. coli GM33 which Ti 
Dam" and therefore incapable of methylating adenine residues. In this strain the ClaFirte at nucleotide 
14686 was not methylated and could be cleaved. Following Clal and Bglll digestion, thtTprocedure yielded a 
T-DNA fragment (fragment 2a from nucleotide 11207 to nucleotide 14686) containing the complete octopine 
synthase gene and the direct repeat at the right hand border of TL (i.e., RoTL(B)). Alternatively, a similar 

35 sized fragment (fragment 2) can be obtained by use of the restriction endonuclease Bell in place of Clal 
(Fig. 6). — 
Next the Hindlll clone p102 (covering T-DNA nucleotides 602-3390) previously cloned into the vector 
pBR322 and containing a Bglll site (nucleotide 1617) was cleaved with Bglll and Hindlll (Fig. 7) to yield a T- 
DNA fragment (fragment 1)~cbntaintng the direct repeat at the left hand border of T L (i.e., RoTL(A)). 

40 Finally, the wide host range plasmid PSUP106 which will replicate in Agrobacterium tumefaciens was 
cleaved with Hindlll and Clal (Fig. 8). These three fragments have the following restriction sites at their 
borders: Fragment 1 has Bglll and Hindlll; fragment 2 has Bglll and Clal; and pSUP106 has ClaHl and 
Hindlll. Since the restriction sites bounding the three fragments are never common to more~than two 
fragments, ligation can only occur in one arrangement (A-ocs-B) (Fig. 8). The Bglll site between fragments 1 

45 and 2 is unique site and can be used to insert any foreign DNA fragment as desired. This restriction site is 
very versatile since foreign DNA segments which have been cleaved by Bglll, BamHI, Bell, Mbol and 
Sau3A, among others, can be inserted. 

Restriction enzymes and ligase were all used according to the recommendations of the supplier. 

so Example 3: Construction of a micro-Ti plasmid including RoTL(A), octopine synthase, RoTL(B) RoTR(D) 



As described in Example 2, the Hindlll clone p102 (spanning T-DNA nucleotides 602-3390) was used to 
yield a T-DNA fragment 1 (Frg. 7) and clone p233 was used to produce fragment 2 (Fig. 6). These two 
fragments were ligated to produce fragment 3 (Fig. 9) with a Hindlll site at one end and a Bell site at the 
55 other end. Fragment 3 contains the nucleotide sequences for~RoTL(A), octopine synthase and RoTL(B). It 
should be noted that RoTL(B) could be omitted from the reconstructed T-DNA plasmid by restriction 
cleavage with Bam Hi at the BamHI restriction site at nucleotide 13774, i.e., 142 nucleotides upstream from 
the initiation codon of octopine synthase. When this site was used, it was found that the octopine synthase 
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gene expression was prevented. When the Bell site (nucleotide 14711) was used to isolate a fragment 
containing the octopine synthase gene, then the"gene was actively expressed. It is possible that a different 
DNA fragment could be substituted for the region between Bell and Bam HI to restore expression of the 
octopine synthase gene, e.g., any of the repetitive sequences, i.e., RoTL(A), RoTL(B), RoTR(C) or RoTR(D). 

5 The next step is to amplify the EcoRI clone p501 (Fig. 1 0) previously cloned into pBR322 and to purify 
the plasm id. The purified plasmid is then cleaved with restriction endonucleases Stul and Kpnl to yield a T- 
DNA fragment covering nucleotides 21673 to 24337 and including the repetitive sequence RoTR(D) 
(fragment 4). The cleavage produced by Stul is blunt ended, whereas that produced by Kpnl has a 3'- 
overhang. The blunt-ended Stul site, is converted to a BamHI site by the use of Bam HI linkers. After Bam HI 

70 digestion, fragments 3 and 4are ligated together to yield fragment 5 (Fig. 9) which has a Hindlll site at one 
end and a Kpnl site at the other end. It should be noted that the endonucleases Bell and~BamHI produce 
compatible cohesive ends. 

Then the 3'-overhang produced by cleavage of fragment 4 with Kpnl is made blunt ended using the 3*- 
exonuelease activity of bacteriophage T4 DNA polymerase (Maniatis, T. et al. (1982) In Molecular Cloning 

75 p.140 Cold Spring Harbor). Following inactivation of the polymerase by phenol extraction and precipitation 
of the plasmid in cold ethanoi, the blunt end is converted to a Hindlll site by the use of Hindlll synthetic 
linkers so that fragment 5 now has Hindlll sites as both ends. Fragment 5 is then digested with the enzyme 
Hindlll. 

Finally the wide host range plasmid pSUP106 is linearized with Hindlll and treated with bacterial alkaline 
20 phosphatase. Fragment 5 is then ligated into the linearized pSUP106 to yield a recombinant plasmid in 
which the T-DNA section contains in sequence RoTL(A), octopine synthase, RoTL(B), and RoTR(D) (A-ocs- 
B-D) (Fig. 9). It should be noted that the versatile Bglll site at the junction ol fragments 1 and 2 can be used 
to insert any foreign DNA fragment carrying one ormore genes that are desired to be expressed. 

25 Example 4: Construction of a micro-Ti plasmid including RoTL(A), RoTR(D) and the agropine/mannopine 
synthase 

The agropine mannopine synthase genes include open reading frames 24, 25, and 26 (Fig, 3) but it is 
not yet known which of these open reading frames corresponds to agropine synthase and which cor- 

30 responds to mannopine synthase. Reading frames 24-26 are therefore referred to as agropine/mannopine 
synthase genes (ags/mas). The EcoRI clone p403 (T-DNA nucleotides 16202 to 21631) and the EcoRI clone 
p501 (T-DNA nucleotides 21632 to 24590) were both cloned into pBR322 and separately transformed into 
E. coti HB101. Following amplification and purification, clone p403 is cleaved with Sstl at the T-DNA 
nucleotide 18,472 (see Fig. 11). The overhanging 3*-end is made blunt ended using the 3'-exonuclease 

35 activity of bacteriophage T4 DNA polymerase (Maniatis, T. et al (1982) In Molecular Cloning p. 140 Cold 
Spring Harbor). Following inactivation of the polymerase by^ phenol extraction and precipitation of the 
plasmid in cold ethanoi, the blunt ends are converted to Bglll sites by the use of Bglll synthetic linkers. 
Then the DNA is cleaved with EcoRI and Bglll to produce afragment from the T-DNAcovering nucleotides 
18,472 to 21,631. This fragment (fragment~6)~contains some of the agropine/mannopine synthase genes and 

40 is bounded by a Bglll site and an EcoRI site. 

Next EcoRI clone p501 (T-DNA~nucleotides 21632-24590), previously cloned into pBR322, is cleaved 
with restriction endonucleases EcoRI and Kpnl. The resulting fragment 7 (Fig. 12) contains the remainder of 
the agropine/mannopine synthase genes (not included in fragment 6) and, in addition carries the repetitive 
sequence RoTR(D). 

45 Fragment 1 (Fig. 7), fragment 6 (Rg. 11) and fragment 7 (Fig. 12) are mixed together and ligated. Since 
no more than two of the six ends have compatible cohesive ends, the three fragments can only ligate in one 
orientation to give fragment 8 (Fig. 12) (A-ags/mas-D) with a Hindlll site at one end and a Kpnl site at the 
other end. Finally, the 3'-overhang at the Kpnl site is removed by T4 DNA polymerase and converted to a 
Hindlll site by use of synthetic linkers. (Note: this will convert both ends to blunt ends and add Hindlll 

so linkers to the Hindlll end. This adds 4bp to that end.) this fragment therefore has Hindlll sites at both ends 
and can be inserted into pSUP106 alter this wide host range vector has been linearized by restriction 
endonuclease Hindlll. 

Example 5: Construction of a micro-Ti plasmid including RoTL(B), RoTR(D) and the agropine synthase 
55 genes. 



Clone p233 which spans the BamHI fragment 17 and EcoRI fragment E (Fig. 13) was cloned into the 
vector pBR322. The resulting recombinant plasmid was then transformed into E. coli GM33 which is Dam" 
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and was therefore incapable of methylation. In this strain the Bell site at nucleotide 14711 was not 
methylated and could be cleaved. Following amplification, the recombinant plasmid is purified and cleaved 
with the restriction endonuclease Hpal (Fig. 13). The blunt ended Hpal restriction site is converted to a Bglll 
site by the use of Bglll linkers. Then the fragment is cleaved with the restriction endonucleases Bgllfand 

s Bell. This procedure - yields a T-DNA fragment (fragment 9 from nucleotide 13,800 to nucleotide"! 4711) 
which contains the direct repeat at the right hand border of T L (i.e., RoTL(B)). 

A second fragment (fragment 10) which includes the agropine/mannopine synthase genes and the direct 
repeat at the right hand border of T R (i.e., RoTR(D)) was constructed by mixing fragments 6 and 7 (Fig. 12) 
with fragment 9 (Fig. 13) and ligating them together to give fragment 10 (Fig. 14). The 3'-overhang at the 

to Kpnl restriction site is then blunt ended by use of T4 DNA polymerase and converted to a Hindlll site by 
use of synthetic linkers. This procedure will convert both ends to blunt ends and add Hindlininkers to the 
Hindlll end. Subsequent digestion with Hindlll and Bell will produce a fragment with a "Bell site at one end 
(compatible with a BamHI site) and a Hindlll site at theT other end (fragment 11-B-ags/mas^D) (Rg. 14). 

The wide host range vector pSUP106 which can replicate in Agrobacterium tumefaciens is then 

T5 linearized by digestion with BamHI and Hindlll and fragment 11 is inserted into the linearized vector. 

Example 6: Construction of a micro-Ti plasmid including RoTL(A), the agropine/mannopine synthase genes, 
RoTR(D),lhe octopine synthase gene and RoTL(B) 

20 Fragment 1 was obtained as described in Example 2 (Rg. 7). This fragment has a Hindlll site at one 
end and a Bglll site at the other end. Fragment 12 was obtained by ligation of fragmentsTTand 7 (Fig. 12) 
and has a Bgl Tl site at one end and a Kpnl site at the other end. 

Clone p233 which spans the Bam HI fragment 17 and EcoRI fragment E (Figs. 6 and 13) was cloned into 
the vector pBR322. The resulting recombinant plasmid was then transformed into E. coli GM33 which is 

25 Dam" and was therefore incapable of methylation. In this strain the Bell site at nucleotide 14711 was not 
methylated and could be cleaved with the enzyme Bell. Following amplification, the recombinant plasmid is 
purified and cleaved with the restriction endonucleases Bell and Kpnl to yield fragment 13 spanning T-DNA 
nucleotides from the Kpnl site (nucleotide 9838) to the Bdl site (nucleotide 14711). Ligation of a mixture of 
fragment 1 (Fig. 7), fragment 12 (Fig. 12) and fragment"T3 (Fig. 15) yields a recombinant fragment 14 (Fig. 

30 16) with a Hindlll site at one end and a Bdl site at the other end (A-ags/mas-D-ocs-B). 

The wide host range plasmid pSUPl06 is finally linearized with the restriction endonucleases BamHi 
and Hindlll. After linearization, fragment 14 is inserted by ligation. 

This construction has the advantage that, if desired, the foreign genes can be inserted into one of the 
opine synthase genes and the promoter of that gene then used for the expression of the foreign genes 

35 while the second opine synthase gene can be used for the selection of transformed cells. 

Example 7: Construction of a micro-Ti plasmid including RoTL(A), duplicate octopine synthase genes and 
RoTL(B) and RoTR(D) 

40 The methods of obtaining the fragments used in the present T-DNA construction have been described 
in the previous examples. Fragments 1 and 2 were obtained as described in Example 2 (Rgs. 6 and 7). 
Fragment 4 is obtained as described in Example 3 (Fig. 10) and fragment 13 is obtained as described in 
Example 6 (Fig. 15). 

In the present example, fragments 2 and 13 are ligated together to give fragment 14 containing two 
45 octopine synthase genes and two repetitive RoTL(B) sequences in opposite orientations (Fig. 17). Following 
repurification of the ligated fragment, the correct orientation is checked by a restriction endonuclease map 
and the purified, ligated fragment 14 is then mixed with fragments 1 and 4 to yield fragment 15 (Fig. 17) 
containing all the required elements. Fragment 15 is inserted into the wide host range mutant pSUP106 
following linearization of the vector with the restriction endonucleases Hindlll and BamHI. The presence of 
so two octopine synthase genes available for selection will increase the ability to select transformed cells or 
protoplasts from a mixture of transformed and normal cells or protoplasts when they are grown in the 
presence of a toxic anino acid such as canavanine or 2-amino-ethyi-cysteine. 

Example 8: Preparation of a Bacillus thuringiensis crystal protein gene 

55 

pESl (H. E. Schnepf et al., Eur. Pat. Appl. 63,949, ATCC 31995) is cut with Pstl, then mixed with and 
ligated to Pstl-linearized mWB2344 (W. M. Barnes, et al. (1983) Nucleic Acids - Res. 11:349-368). The 
resultant mixture is transformed into E. coli JM1G3, and tetracycline resistant transforma~nts are selected. 
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Double-stranded RFs (repticative form) are isolated from the transformants and characterized by restriction 
mapping. Two types of transformants are found: cells harboring mWB2344-ES1-A; and cells harboring 
mWB2344-ES1 -S. These are Ml 3 vectors which when in single-stranded viral form carry the ant sense and 
sense strands of the crystal protein gene of pES1 . 

s The sequence of the crystal protein gene {see below: b) (H. C. Wong et al. (1983) J. Biol. Chem. 
258:1960-1967), if changed at three base-pairs, will have a Clal site (5 I ...ATCGAT3') immediately ahead of 
the"ATG translations start site. The oligonucleotide (see below: a) S^TGGAGGTAATCGATGGATAACAS' is 
synthesized by standard methods, is hybridized to the single strand viral form of mWB2344-E$1-A, and is 
used to prime synthesis of a second strand of DNA by the Klenow fragment of E. coli DNA polymerase I. 

w After ligation and selection of covalently closed circular DNA, the mixture is transformed into JM103. RF 
DNAs are isolated from the infected cells and characterized by restriction enzyme analysis. A clone 
descended from and containing the mutant sequence (a) is identified by the presence of a novel Clal site 
which maps at the 5*-end of the crystal protein gene and is labeled mWB2344-ES1-A(Cla). The effect of the 
mutation can be seen by comparing the sequences of the oligonucleotide primer (a) with the 5* end of the 

rs crystal protein gene (b): 

a) 5 fc ATGGAGGTAAT*CG ATG GAT AAC A3 1 

b) 5 1 . . . AGAGATGGAGGTAAC TT /AT6/GAT/AAC/AAT/CC. . ,3 * 
20 Met Asp Asn Asn Pro,.. 

Note that only three out of 23 base pairs have been changed (the underlined nucleotides of (a)), thereby 
assuring good hybridization properties. 
25 The crystal protein gene is removed from mWB2344-ES1-A(Cla) by digestion with Clal and Xhol. The 
Xhol sticky ends are converted to Clal sticky ends by ligation to a linker, synthesized by^tandard methods, 
having a structure as follows: 

Xhol Cla l 
S'TCGAGCCCATT 
3 1 CGGGTACG5 1 

35 Excess linkers are trimmed off of the crystal protein gene-bearing fragment by digestion with Clal. 
Example 9: Construction and modification of a promoter vehicle 



pKS111, which is a pRK290 clone corresponding to the T-DNA clone p403 (Fig. 3) which encodes a 
40 gene covering 1.6kb (C. F. Fink (1982) M.S. thesis, University of Wisconsin- Madison), or p403 itself, is 
digested with Clal and then religated. The ligation mix is transformed into E. coli K802 (W. B. Wood (1966) 
J. Mol. Biol. 16:118) and selected for tetracycline resistance. Piasmids are iiolated by doing "minipreps" 
(plasmid preparations from small volume cell cultures) and restriction maps are obtained to prove the 
structure. The new vehicle, pKS-prol (see T. C. Hall et al., U.S. Patent Application Serial No. 485,614, 
as incorporated herein by reference), can be linearized by Clal. 

The above manipulations are done with the following" rationale: The T-DNA gene in pKS111 is shown 
below in summarized form as follows: 

Clal 960 bp 250 bp Cla l 60 bp 50 bp 

50 

5' . . . TACACCAAAT*CG /ATG/GAC/ATG/ . , . «/TGA/ AT*CGAT AAATAA. . . .AAATAA. . . 3 1 

promoter Met Asp Met stop poly adeny let ion signals 

"1.6 M kbp gene 

55 

By removing the Clal fragment, the promoter region of the "1.6" gene is brought next to the ^-downstream 
region of the gene. This 3* region includes polyadenylation signals. The resulting structure is summarized 
as follows: 
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PRK290 

Clal 60 bp 50 bp 

5* . . •ATACACCAAAT*CGATAGT AAATAA AAATAAAA. ..3' ( pKSproj ) 

promoter polyadenylation signals 



Example 10: Insertion of the prol promoter into the A-ocs-B plasmid (Rg. 8) 

10 

pKS-prol is digested with EcoRI and mixed with and ligated to EcoRi 'Bam Hl linkers, synthesized by 
standard procedures having the following structure: 

EcoRI BamHI 
S'AATTCCCCGS' 

rGGGGCCTAGS' 



20 The linkers are trimmed by digestion with BamHI. After the T-DNA promoter fragment is purified by gel 
electrophoresis, it is mixed with and ligated to Bglll-iinearized A-ocs-B (Example 2, Fig. 8). The mixture is 
transformed into E. coli GM33 and transformants resistant to chloramphenicol are selected. Plasmids 
isolated from such transformants are isolated and characterized by restriction enzyme analysis. A plasmid 
containing the promoter fragment is labeled pA-ocs-B-prol. 

25 

Example 1 1 : Insertion of the crystal protein gene into the vector 



pA-ocs-B-prol is linearized with Clal, and is then mixed with and ligated to the crystal protein gene- 
bearing fragment terminated by Clal sticky ends constructed above. The resulting plasmids are transformed 
30 into GM33. Plasmids isolated fronT transformants resistant to chloramphenicol are characterized by restric- 
tion analysis. A colony is chosen which contains a plasmid, pA-ocs-B-prol-ES1 , having present a single 
copy of the crystal protein gene oriented in the same polarity as the prol promoter. 

pA-ocs-B-prol-ESt is transferred to an appropriate Agrobacterium host and used to transform tobacco 
cells as described in Example 12. 

35 

Example 12: Selection of plant cells transformed by transfer of reconstructed T-DNA recombinant plasmids 
from Agrobacterium tumefaciens 



The purpose of this example is to demonstrate a procedure to select transformed cells from mixtures of 
40 transformed and non-transformed cells. Generally, transformed cells are selected for their hormone 
autonomous growth. However, when Ti plasmids that have been mutated in tms, tmr or tml are used, then 
transformed cells are not autonomous and a selectable marker becomes desirable. Kanamycin or G418 
resistance is a possibility, but it requires engineering a resistance gene. Another possibility is the use of 
octopine synthase as an enzyme to detoxify exogenously added toxic amino acid analogs, e.g., 2- 
45 aminoethyl-cysteine (2AEC). In this invention, it has been demonstrated that non-transformed tissues were 
killed by low levels of AEC (Fig. 5) whereas crown gall tissues expressing octopine synthase were not killed. 

Therefore, the present example uses Ti-plasmids that are mutated in tms, tmr or tml but contain a non- 
mutated octopine synthase gene. Rants are first stem inoculated as previously described (K. A. Barton et 
al. (1983) Cell 32:1033-1043). After 10-12 days, fresh growth is removed and shaken in liquid culture untifi 
so number of cellshave sloughed off. The culture is then passed through a filter and the small clumps of cells 
are collected. These clumps are plated on a filter paper placed on top of a feeder culture containing 
hormones. 

Once the cells have started to grow, the entire filter is transferred to hormone media containing 2AEC. 
The transformed cells will be expressing octopine synthase that will detoxify the amino acid analog thus 
55 allowing them to grow whereas the untransformed cells will be killed. 

Colonies that grow on 2AEC are picked and tested for octopine synthase. These cells can then be 
regenerated and can be shown to carry T-DNA containing the octopine synthase gene. 
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Example 13: Tests for the relative toxicities of amino acid analogs using strains 15955/1 and 15955/01 from 
Nicotianalabacum (tobacco) cv. "Xanthi" 

Aqueous solutions of the amino acid analogs were adjusted to pH 5.6-5.8 and sterilized by filtration 

5 (0.45 micron Millipore filter). Serial dilutions of each analog were added to cytokinin- and auxin-free agar 
medium (Linsmaier, E. M. and F. Skoog (1965) Physioi. Plant 8:100-127) that had been autoclaved and 
allowed to cool to about 60 °C. A number of other plant strains were used for initial screening of the 
analogs. Three 100mg pieces of 4-6 week old tissue were planted on analog-containing medium in 55 mm 
Petri dishes using tissue lines from Helianthus annuus (sunflower) cv. "Russian Mammoth" Kemp, J. D. 

70 (1982) In Kahl, G. and J. S. Schell (eds.) Academic Press. New York, London, Paris pp.461-474); E228 and 
Bo542, from N. tabacum cv. "Samsur (Sacristan, M. D. and G. Melchers (1977) Mol. Gen. Genet. 152:111- 
117), Braun's - teratoma from N. tabacum cv. "Havana" (Braun, A. C. and H. N. Wood (1976) Proa Nat 
Acad. Sci. U.S.A. 73:496-500)7~A66 isolated from N. tabacum cv. "White Burley" (Firmin, J. L and G. R. 
Fenwick (1978) Nature, London 276:842-844); and W-A6, W-B634, W-C58 and W-T37 isolated by J. 

75 Tournew, CNRA, Versailles, from tumors incited on N. tabacum cv. "Wisconsin 38" by octopine-type A. 
tumefaciens strains A6 or B634, or nopaline-type strains C58 or T37, respectively. The results with all of the 
above strains were essentially the same as those described for N. tabacum cv. "Xanthi" strains 15955/1 and 
15955/01. For the toxicity studies with the 15955/1 and 15955/01 tumor lines, three 50mg pieces of 4-6 
week old tissue were planted on medium in 90mm dishes. In all cases, duplicate or triplicate dishes were 

20 used for each tissue and each concentration of an analog. The tissues were weighed after 5-7 weeks of 
growth at 25 *C in the dark. Growth was expressed as a percentage of the fresh weight increase of the 
same tissue on medium that did not contain any analog or amino acid. The experiments were repeated after 
initial results delimited the range of concentrations to use for a given analog. Experiments with the 1 5955/1 
and 15955/01 lines were repeated at least twice with the appropriate concentration ranges. 

25 

Example 1 4: Method of assaying for opine synthases 

Octopine synthase was assayed using some modifications of previous methods (Birnberg, P. et al. 
(1977) Phytochemistry 16:647-650; Goldmann, A. (1977) Plant Sci. Lett. 10:49-58; Hack, E. and J. D. Kemp 

30 (1977) Biochem. Biophys. Res. Cornms. 78:785-791; Lejeune. B. (1967) C. R. Acad. Sci. Ser. D. 265:1753- 
1755; Otten, L. A. B. M. and R. A. Schilperoort (1978) Biochim. Biophys. Acta. 527:497-500). Foreach mg 
of tissue in a 1.5ml Eppendorf tube, 3ul of a buffered (0.1 5M potassium phosphaleTpH 8.9) reaction mixture 
was added. This reaction mixture contained 20 mM L-arginine, 50 mM pyruvate and 13.5 mM NADH. The 
tissue was carefully macerated in the reaction mixture with a glass rod and incubated at 25° C for one hour. 

35 The samples were then clarified by centrifugation and 2ul of supernate was spotted on Whatman 3MM 
paper. Up to 30ul of sample was used to verify a negative assay result. The Whatman 3MM paper with the 
samples, as well as 1-1 Oug of octopine (or other opine) as an authentic standard and Orange G as a 
migration marker, was carefully wetted with electrophoresis buffer (formic acid/acetic acid/water; 3/6/91, 
v/v/v) and electrophoresed at 50-75 volts/cm (Gibson High Voltage Electrophoresis Apparatus, Model D) for 

40 10-20 minutes. The electrophoretograms were dried in a current of hot air and stained for octopine (or other 
opines) with either a phenanthrene quinone reagent (Yamada, S. and H. A. Itano (1966) Biochim. Biophys. 
Acta. 130:538-540) or with Sakaguchi reagent (Easley, C. W. (1965) Biochim. Biophys. Acta. 107:386^388). 
The Sakaguchi reagent is several-fold less sensitive but was more specific for guanidinyl compounds. When 
the above conditions were used, it was also shown that tissue extraction buffers (Hack, E. and J. D. Kemp 

as (1977) supra; Otten, L. A. B. M. and R. A. Schilperoort (1978) supra) did not improve assay results and, in 
fact, retarded electrophoretic migration when larger sample volumes were spotted. Electrophoretic mobilities 
were measured from the origin (0) relative to Orange G (1.0). 
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Xor II 


4 


Bam HI 
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TABLE 1 

RESTRICTION ENZYME SITES OF THE T-ONA RE6I0H OF pTI 15955 
Locations 



11,930 
19,471 
18,089 

8,939 12,943 

6,778 23,292 

17,043 24,288 

7,257 9,442 13,800 

625 9,838 24,337 

9,211 10,069 22,456 

2,610 14,089 18,472 

14,996 18,462 23,123 

6,727 15,208 21,476 

411 11,983 22,663 

20 Ast I 4 4,511 11.763 14,665 15,140 

4,319 5,456 6,253 21,618 

11,768 11,976 22,865 24,501 

12,452 17,041 20,160 21,516 

16,515 17,144 18,885 24,213 

155 2,212 4,850 11,207 

4,217 6,938 14,675 21,673 

327 670 1,206 23,033 

1 7,602 8,082 9,062 13,774 

13,536 17,158 19,170 20,027 24,098 

10,058 14,711 14,973 15,938 21,540 
30 24,404 

1,617 4,254 5,033 6,023 7,720 
22,930 

14,276 14,475 16,420 17,973 21,416 
24,294 

3,241 13,220 13,289 17,601 19,295 
21,562 

677 9.410 12,071 19,334 22,273 

23,321 24,069 

602 3,390 5,512 5,933 6,631 

19.239 19,953 

158 848 3,506 4,216 5,066 

5,342 12,150 19,056 

4,494 5,545 12,823 13,026 13,362 

16,202 21,631 24,590 

511 5,197 6,276 10,475 12,077 

20,806 22,353 24,096 

« Nde 1 8 2,174 7,282 7,475 8,360 19,084 

19,715 21,731 24,586 

752 2,679 2,726 2,799 3,799 

9,665 12,221 13,685 16.306 

587 1,589 5,862 6,150 8,002 

10,259 13,751 20,132 22,741 

2,707 4,888 7,354 9,292 12,797 

12,996 18,027 21,522 22,041 
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Enzyme Sites locations 



NCO I 


9 


2,921 


5,286 


13,378 


15,421 


15,562 






18,372 


21,080 


21,710 


24,065 


Xmn I 


9 


2,806 


5,793 


6,567 


6,839 


6,992 






10,103 


13,512 


17,679 


21,343 


Hst I 


10 


1,408 


4,462 


9,855 


11,632 


15,017 






15,077 


15,570 


17,602 


19,928 


20,494 


Bvu I 


11 


2,610 


5,022 


6,969 


11,930 


12,574 






14,089 


16,049 


18,472 


22,310 


23,517 






24,547 




Ava I 


12 


153 


2,210 


4,848 


5,114 


6,019 






6,727 


11,205 


11,960 


15,208 


18,678 






21,476 


21,803 




Cla I 


12 


1,206 


2,915 


4,154 


9,282 


9,292 






14,686 


15,672 


18,744 


18,890 


20,128 






21,432 


24,239 


Pvu I 


12 


2,834 


3,061 


4,682 


5,138 


6,031 






6,831 


9,975 


11,834 


12,541 


14,615 






22,616 


24,091 




Acc 1 


14 


1,161 


2,687 


6,587 


6,779 


6,794 






11,482 


11,560 


13,991 


15,116 


19,942 






23,293 


23,417 


23,677 


24,028 




HgiA I 


14 


812 


1,868 


2,610 


5,134 


6,228 




7,628 


12,480 


12,834 


14,089 


14,583 






18,183 


13,472 


20,866 


21,093 




Hinc 11 


14 


1,369 


5.721 


6,780 


7,257 


9,442 






11,321 


13,156 


13,800 


17,075 


19,393 






21,472 


21,727 


22,440 


23,294 




HgiC I 


17 


621 


3,586 


4,960 


5,119 


6,153 




7,443 


9,834 


12,010 


13,535 


16,015 






17,157 


19,169 


20,026 


22,701 


24,097 






24,324 


24,333 




HgiD 1 


21 


1,376 


2,503 


4,508 


6,803 


8,335 




11,760 


12,516 


13,536 


14,662 


15,137 






15,231 


15,801 


16,470 


17,158 


19,170 






19,389 


19,646 


20,027 


20,244 


24,098 






24,455 










BstN I 


24 


309 


377 


1,423 


2,538 
7,583 


4,210 
10,151 






5,023 


6,976 


7,056 






10,865 


11,868 


12,146 


12,602 


13,553 






14,672 


16,947 


19,313 


19,346 


19,422 






19,590 


19,677 


20,790 


22,830 




Hae II 


28 


539 


2,206 
5,309 


2,331 


3,327 


5,196 






5,210 


5,981 


6,539 


9,789 






10,474 


12,269 


13,539 


13,845 


14,335 






14,707 


15,731 


15,872 


16,412 


17,161 






17,980 


18,509 


19,173 


19,576 


20,030 






22,352 


24,101 


24,398 





Hph I 37 
Ava II 38 



Folc I 39 
Nci I 40 
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Enzyme Sites Locations 



Rsa I 


40 


m i 


44 


Hga I 


45 


Hlnf I 


47 


SfaN I 


47 


Mbo II 


■ 61 


Serf I 


64 


Dde I 


66 


Tac I 


67 


Sau 96 


69 


Hae III 


91 


Hha I 


98 


Alu I 


99 


Hpa II 


102 


Fnu 4H 


103 


Taq I 


111 


Sau 


116 


Hnl I 


158 



TABLE 2 



A list of the tissues used for testing ability to grow in the presence of various toxic amino acid analogs. 


Strain No. 


Cultivar 


Transformed by: 


Mannopine 


Agropine 


159 No. 
1 


Nicotiana tabacum 
cv. Xanthi 


Agrobacterium tumefaciens 
strain 15955 






1590-1 


do 


do 


+ 


+ 


W-C58 


N. tabacum 
cv. Wise. 38 


A. tumefaciens 
strain C58 






W-B634 


N. tabacum 
cv. Wise. 38 


A. tumefaciens 
strain B634 


+ 


+ 
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TABLE 3 



Dry weights of transformed tissues containing agropine/mannopine synthase 
genes compared to dry weights of transformed tissues without agropine 
mannoplne synthase genes when grown in the presence of various levels of the 
toxic amino acid analog glutamic- -hydrazide (GH). 



Nicotiana tabacum cv. Xanthi^ 



wg/ml 

medium Strain 159 No. l^ b ^ Strain 159Q-l( c ) 

Wt. in mg. % of control Wt. in mg. % of control 

0 7230 — 1250 

2.5 5690 78.7 880 70.4 

10 2900 40.1 1180 94.4 

15 2900 16*6 1200 96.0 

20 660 9.1 1080 86.4 

25 100 1.4 650 52.0 



(a) Experiments were done in duplicate dishes with 3 pieces tissue/dish. 

(b) Agropine/mannopine negative. 

(c) Agropine/mannopine positive. 



19 



EP 0 140 556 B1 



TABLE 4 

Dry weights of transformed tissues containing agropine/mannopine synthase 
genes compared to dry weights of transformed tissues without 
agropine/mannopine synthase genes when grown in the presence of various levels 
of the toxic araino acid analog glutamic- -hydrazide (GH). 



Nicotiana t abacus cv. Wisconsin 38^ a ) 



ug/ml 

medium Strain W-C58< b ) Strain W-B634( c ) 

Wt. in mg. % of control Wt. in mg. % of control 

0 1100 -- 1670 

2.5 610 55.5 920 55.1 

5 200 18.2 1300 77.8 

10 Dead 920 55.1 

15 Dead 620 37.1 

20 Dead 430 25.7 

25 Dead 580 34.7 



(a) Experiments were done in duplicate dishes with 3 pieces tissue/dish. 

(b) Agropine/mannopine negative. 

(c) Agropine/mannopine positive. 
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TABLE 5 

Dry weights of transformed tissues containing agropine/mannopine synthase 
genes compared to dry weights of transformed tissues without 
agropine/mannopine synthase genes when grown in the presence of various levels 
of the toxic amino acid analog S-carbasiyl-l-cysteine (CC). 

Nicotiana tabacum cv. Xanthi^ a ^ 



vg/ml 

medium Strain 15g Mo. 1^ Strain 1590-l( c > 

Wt. in mg. % of control Wt. 1n mg. % of control 

0 7230 ~ 1250 

6 7800 107.9 1180 94.4 

12 6720 92.9 1640 131.2 

25 500 6.9 1160 92.8 

50 500 6.9 1400 112.0 

100 400 5.5 1710 136.8 



(a) Experiments were done in duplicate dishes with 3 pieces tissue/dish. 

(b) Agropine/mannopine negative. 

(c) Agropine/mannopine positive. 



21 



EP 0 140 556 B1 



TABLE 6 

Dry weights of transformed tissues containing agropine/mannopine synthase 
genes compared to dry weights of transformed tissues without 
agropine/mannopine synthase genes when grown in the presence of various levels 
of the toxic amino acid analog S-carbamyl-L-cysteine (CC). 



vg/ml 
medium 



Nicotiana t abac tin cv. Wisconsin 38 



(a) 



Strain W-C58( b ) Strain W-B634 (c) 

Wt. in mg. % of control Wt. in mg. % of control 

3 1100 — 1670 

5 270 24.5 1890 113.2 

12 1040 94.5 1440 86.2 

15 220 20.0 1720 103.0 

-10 Dead — 2000 119.8 

113 80 7.3 2580 154.5 



(a) Experiments were done in duplicate dishes with 3 pieces tissue/dish. 

(b) Agropine/mannopine negative. 

(c) Agropine/mannopine positive. 
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TABLE 7 



Dry weights of transformed tissues containing agroplne/mannoplne synthase 
genes compared to dry weights of transformed tissues without 
agroplne/mannoplne synthase genes when grown 1n the presence of various levels 
of the toxic amino acid analog 6-d1azo-5-oxo-l-nor1eucine (DON)* 



Nlcotlana tabacum cv» Xanthi 



(a) 



ng/ml 
medium 



Strain 159 No. l< b ) Strain 1590-1< C > 

Wt. 1n rog. % of control Wt. in mg. % of control 



0 7230 1250 

0.015 5260 72.8 1230 98.4 

0.03 2470 34.2 1330 106.4 

0.06 2880 39.8 1180 94.4 

0.12 90 1.2 600 48.0 

0.25 60 0.8 300 24.0 

0.50 Dead 140 11.2 

1.0 Dead — 100 8.0 

2.0 Dead — 300 24.0 



(a) Experiments were done in duplicate dishes with 3 pieces tissue/dish. 

(b) Agropine/mannopine negative. 

(c) Agropine/mannopine positive. 
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TABLE 8 

Dry weights of transformed tissues containing agropine/mannopine synthase 
genes compared to dry weights of transformed tissues without 
agropine/mannopine synthase genes when grown in the presence of various levels 
of the toxic amino acid analog 6-diazo-5-oxo-L-norleucine (DON). 



Nicotiana tabacum cv. Uisconsi 



n 38< a > 



pg/mi 
medium 



Strain W-C58 



Strain W-B634 



(c) 



Mt. in mg. I of control 



Wt. in mg. 



% of control 



0 

0.015 

0.03 

0.06 

0.12 

0.25 



1100 
250 
540 
120 
Dead 
Dead 



22.7 
49.1 
10.9 



1670 
470 
270 
360 
200 
120 



28.1 
16.2 
21.6 
12.0 
7.2 



(a) Experiments were done in duplicate dishes with 3 pieces tissue/dish. 

(b) Agropine/mannopine negative. 

(c) Agropine/mannopine positive. 



Claims 



1. A vector plasmid for the transfer of foreign DNA into the genome of recipient plant cells comprising a 
heterologous DNA sequence which is expressible in a plant, which is flanked on each side by a T-DNA 
repetitive sequence selected from the group consisting of RoTL(A), FloTL(B), RoTR(C) and RoTR(D) 
having the following nucleotide sequences: 



24 



EP 0 140 556 B1 



RoTL{A) : GGCAGGATATATTCAATTGTAAAT; 



RoTL(B) : GGCAGGATATATACCGTTGTAATT; 



ROTR(C) : GGCAGGATATATCGAGGTGTAAAA; 



RoTR(D): GGCAGGATATA T G CGGTTGTAATT. 



2. The vector plasm id of claim 1 wherein at least one of said flanking T-DNA repetitive sequences is 
rs RoTL(B). 

3. The vector plasmid of claim 1 wherein at least one of said flanking T-DNA repetitive sequences is 
RoTR(D). 

20 4. A vector plasmid of any of claims 1 to 3 wherein said plasmid lacks tumor-forming genes and further 
lacks antibiotic resistance genes in the T-DNA region; and which comprises at least one opine synthase 
gene that is expressible in a plant 

5. A plasmid according to claim 4 wherein said heterologous DNA is expressed under the control of a 
25 heterologous promoter. 

6. A plasmid according to claim 4 wherein said heterologous DNA is expressed under the control of an 
opine synthase promoter. 

so 7. A plasmid according to claim 4 wherein at least one of said opine synthase gene or genes are selected 
independently from octopine synthase genes and agropine/mannopine synthase genes. 

8. A plant cell transformed by a plasmid according to any preceding claim. 

35 9. A plant or plant tissue comprising plant cells according to claim 8. 

10. A method of selecting non-tumorous plant cells transformed with a DNA sequence comprising a plant 
expressible opine synthase gene and a plant expressible heterologous gene, said sequence being 
flanked on each side by a T-DNA repetitive sequence selected from the group consisting of RoTL(A), 

40 RoTL(B), RoTR(C) and RoTR(D) having the nucleotide sequences as defined in claim 1 from a mixture 
containing said transformed plant cells and untransformed plant cells comprising: 

(a) plating said mixture on a suitable growth medium containing an amino acid analog toxic to 
normal cells and metabolized by a plant cell expressing the opine synthase encoded by said gene; 

(b) growing said mixture on said growth medium for a selected period of time to provide colonies of 
45 plant cells; and • 

(c) selecting from said colonies those colonies exhibiting greater growth rates. 

11. The method of claim 10 wherein said transformed plant cells comprise a DNA segment comprising: 

(a) at least two T-DNA repetitive sequences at least one of which is RoTL(B); 
so (b) at least one opine synthase gene that is expressible in a plant; and 

(c) at least one heterologous gene that is expressible in a plant, wherein said DNA segment lacks 
tumor-forming and antibiotic resistance genes. 

12. The method of claim 10 wherein said transformed plant cells comprise a DNA segment comprising: 
55 (a) at least two T-DNA repetitive sequences at least one of which is RoTR(D); 

(b) at least one opine synthase gene that is expressible in a plant; and 

(c) at least one heterologous gene that is expressible in a plant, wherein said DNA segment lacks 
tumor-forming and antibiotic resistance genes. 
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13. The method of any of claims 10 to 12 wherein said amino acid analog is canavanine. 

14. The method of any of claims 10 to 12 wherein said amino acid analog is 2-amino-ethyl-cysteine. 

5 15. The method of any of claims 10 to 12 wherein said amino acid analog is glutamic-gamma-hydrazide. 

16. The method of any of claims 10 to 12 wherein said amino acid analog is S-carbamyl-L-cysteine. 

17. The method of any of claims 10 to 12 wherein said amino acid analog is 6-diazo-5-oxo-1-norleucine. 

w 

18. A DNA fragment comprising the sequence of RoTR(D) as follows: 

GGCAGGATATATGCGGTTGTAATT. 

19. A DNA fragment comprising the sequence of RoTL(B) as follows: 
T5 GGCAGGATATATACCGTTGTAATT. 

Revendications 

1. Un plasmide vecteur pour le transfert d'ADN etranger dans le genome de cellules d'une plante 
20 receptrice comprenant une sequence d'ADN heterologue qui est exprimable dans une plante, qui est 
flanquS de chaque cdt6 par une sequence r6p6titive de T-ADN choisie dans le groupe constitu^ par 
RoTL(A), RotL(B), RoTR(C) et RoTR(D) ayant les sequences de nucleotides suivantes: 

6 RoTL(A) : GGCAGGATATATTCAATTGTAAAT; 
RoTL(B) : GGCAGGATATATACCGTTGTAATT; 

30 

RoTR(C) : GGCAGGATATATCGAGGTGTAAAA; 
RoTR(D) : GGCAGGATATATGCGGTTGTAATT. 

35 



2. Le plasmide vecteur de la revendication 1 , dans lequel au moins une desdites sequences repetitives de 
T-ADN flanquantes est RoTL(B). 

40 

3. Le plasmide vecteur de la revendication 1 , dans lequel au moins une desdrtes sequences repetitives de 
T-ADN flanquantes est RoTR(D). 

4. Un plasmide vecteur selon l f une quelconque des revendications 1 a 3 dans lequel le plasmide ne 
45 comporte pas de genes formateurs de tumours et 4ga!ement de genes de resistances aux antibiotiques 

dans la region de T-ADN et qui comprend au moins un g§ne de synthase opine qui est exprimable 
dans une plante. 

5. Un plasmide selon la revendication 4 dans lequel ledit ADN heterologue est exprime sous le controle 
so d'un promoteur heterologue. 

6. Un plasmide selon la revendication 4 dans lequel ledit ADN heterologue est exprime sous le controle 
d'un promoteur de synthase opine. 

55 7. Un plasmide selon la revendication 4, dans lequel au moins un dudit gene ou desdits genes de 
synthase opine sont choisis independamment des genes de synthase octopine et des genes de 
synthase agropine/mannopine. 
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8. line cellule de plante transformee par un plasmide selon Tune quelconque des revendications 
precedentes. 

9. line plante ou un tissu de plante comprenant des cellules de plante selon la revendication 8. 

5 

10. lino methode pour sdlectionner des cellules de plante sans tumeurs transformees au moyen d'une 
sequence d'ADN comprenant un gene de synthase opine exprimable par la plante et un gene 
heterologue exprimable par la plante, ladite sequence etant flanquee de chaque cote par une sequence 
repetitive de T-ADN choisie dans le groupe consistant en RoTL(A), RoTL(B), RoTR(C) et RoTR(D) 

10 ayant les sequences de nucleotides telles que d§finies dans la revendication 1 & partir d'un melange 
contenant lesdites cellules de plante transformees et les cellules de plante non transformees compre- 
nant: 

(a) I'application en plaque dudit melange sur un milieu de culture approprie contenant un analogue 
d'acide amine toxique vis-a-vis des cellules normales et metabolise par une cellule de plante 

75 exprimant la synthase opine codee par ledit gene; 

(b) la culture dudit melange sur le milieu de culture pendant une periods de temps choisie pour 
foumir des colonies de cellules de plante; et 

(c) la selection, a partir desdites colonies, de celles qui exhibent les vitesses de croissance les plus 
grandes. 

20 

11. La methode de la revendication 10 dans laquelle les cellules de plante transformees comprennent un 
segment d'ADN comprenant: 

(a) au moins deux sequences repetitives de T-ADN dont au moins une est RoTL(B); 

(b) au moins un gene de synthase opine exprimable dans une plante; et 

25 (c) au moins un gene heterologue qui est exprimable dans une plante, dans lequel lesdits segments 

d'ADN ne comportent pas de genes formateurs de tumeurs et de resistance aux antibiotiques. 

12. La methode selon la revendication 10 dans laquelle lesdites cellules de plante transformees compren- 
nent un segment d'ADN comprenant: 

30 (a) au moins deux sequences repetitives de T-ADN dont au moins une est RoTR(D); 

(b) au moins un g§ne de synthase opine exprimable dans une plante; et 

(c) au moins un gene heterologue qui est exprimable dans une plante, dans lequel ledit segment 
d'ADN ne comporte pas de genes formateurs de tumeurs et de resistance aux antibiotiques. 

35 13. La methode selon Tune quelconque des revendications 10 h 12, dans laquelle ledit analogue d'acide 
amine est la canavanine. 

14. La methode selon Tune quelconque des revendications 10 a 12, dans laquelle ledit analogue acide 
amine est la 2-amino-ethyl-cysteine. 

40 

15. La methode selon Tune quelconque des revendications 10 a 12, dans laquelle ledit analogue acide 
amine est le gamma-hydrazide glutamique. 

16. La methode selon Tune quelconque des revendications 10 a 12, dans laquelle ledit analogue acide 
45 amine est la S-carbamyl-L-cysteine. 

17. La methode selon Tune quelconque des revendications 10 a 12, dans laquelle ledit analogue acide 
amine est la 6-diazo-5-oxo- 1 -norleucine. 

so 18. Un fragment d'ADN comprenant la sequence de RoTR(D) comme suit: 
GGCAGGATATATGCQGTTGTAATT. 

19. Un fragment d'ADN comprenant la sequence de RoTL(B) comme suit 
GGCAGGATATATACCGTTGTAATT. 

55 

Patentanspriiche 

1. Vektorplasmid fur den Transfer von Fremd-DNA in das Genom von pflanzlichen Aufnahmezellen, 
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umfassend eine heterologe, pflanzenexprimierbare DNA-Sequenz, die beidseits von einer sich wieder- 
holenden T-DNA-Sequenz flankiert ist, die aus der Gruppe RoTL(A), RoTL(B), RoTR(C) und RoTR(D) 
ausgewahlt ist, wobei diese die folgenden Nucleotidsequenzen haben: 

5 RoTL(A) : GGCAGGATATATTCAATTGTAAAT; 

RoTL(B) : GGCAGGATATATACCGTTGTAATT; 

w 

RoTR(C) : GGCAGGATATATCGAGGTGTAAAA; 
RoTR(D) : GGCAGGATATATGCGGTTGTAATT. 



2. Vektorplasmid nach Anspruch 1 , bei welchem zumindest eine der flankierenden, sich wiederholenden 
T-DNA-sequenzen RoTL(B) ist. 

20 

3. Vektorplasmid nach Anspruch 1, bei welchem zumindest eine der flankierenden, sich wiederholenden 
T-DNA-Sequenzen RoTR(D) ist. 

4. Vektorplasmid nach einem der Anspruche 1 bis 3, welchem tumorbildende Gene und aufierdem 
25 antibiotische Resistenzegene in der T-DNA-Region fehlen; und welches zumindest ein pflanzenexpri- 

mierbares Opinsynthase-Gen umfai3t. 

5. Plasmid nach Anspruch 4, in welchem die heterologe DNA unter der Steuerung eines heterologen 
Promotors exprimiert wird. 

30 

6. Plasmid nach Anspruch 4, in welchem die heterologe DNA unter der Steuerung eines Opinsynthase- 
Promolors exprimiert wird. 

7. Plasmid nach Anspruch 4, in welchem zumindest ein Opinsynthase-Gen oder eines der Opinsynthase- 
35 Gene unabhangig voneinander ausgewahlt ist aus den Octopinsynthase-Genen und den Agropin- 

/Mannopinsynthase-Genen. 

8. Pflanzenzelle, die mit einem Plasmid nach einem der vorhergehenden Anspruche transformiert ist 

40 9. Pflanze Oder Pflanzengewebe, die bzw. das eine Pflanzenzelle nach Anspruch 8 enthSlt. 

10. Verfahren zur Selektierung nicht tumordser Pflanzenzellen, die mit einer DNA-Sequenz transformiert 
sind, die ein pflanzenexprimierbares Opinsynthase-Gen und ein pflanzenexprimierbares heterologes 
Gen umfa/St, wobei diese Sequenz beidseits von einer sich wiederholenden T-DNA-Sequenz flankiert 
45 ist, die aus der Gruppe RoTL(A), RoTL(B), RoTR(C) und RoTR(D) mit den in Anspruch 1 definierten 
Nucleotidsequenzen ausgewahlt ist, aus einer Mischung, die diese transformierten Pflanzenzellen und 
nicht transform ierte Pflanzenzellen enthalt, wobei: 

(a) diese Mischung auf ein geeignetes Wachstumsmedium aufgestrichen wird, das ein fur normale 
Zellen toxtsches und von eine Pflanzenzelle. die die von dem genannten Gen codierte Opinsynthase 

so exprimiert, metabolisiertes Aminosaureanalogon enthalt; 

(b) Zuchtung dieser Mischung auf dem Wachstumsmedium wahrend eines bestimmten Zeitraums, 
um Kolonien der Pflanzenzellen zu bilden; und 

(c) Selektion jener Kolonien, die grofiere Wachstumsraten zeigen, aus diesen Kolonien. 

55 11. Verfahren nach Anspruch 10, bei welchem die genannten transformierten Pflanzenzellen ein DNA- 
Segment umfassen, das enthalt: 

(a) zumindest zwei sich wiederholende T-DNA-Sequenzen, von denen zumindest eine RoTL(B) ist; 

(b) zumindest ein Opinsynthase-Gen, das in einer Pflanze exprimierbar ist; und 
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(c) zumindest ein heterology, pflanzenexprimierbares Gen, wobei diesem DNA-Segment tumorbil- 
dende und antibiotische Resistenzgene fehlen. 

12. Verfahren nach Anspruch 10, bei welchem diese transformierten Pflanzenzellen ein DNA-Segment 
aufweisen, das enthalt: 

(a) zumindest zwei sich wiederholende T-DNA-Soquenzon, von denen zumindest eine RoTR(D) ist; 

(b) zumindest ein Opinsynthase-Gen, das in einer Pflanze exprimierbar ist; und 

(c) zumindest ein heterologes, pflanzenexprimierbares Gen, wobei diesem DNA-Segment tumorbil- 
dende und antibiotische Resistenzgene fehlen. 

13. Verfahren nach einem der AnsprUche 10 bis 12, bei welchem dieses Aminosaureanalogon Canavanin 
ist 

14. Verfahren nach einem der Anspruche 10 bis 12, bei welchem dieses Aminosaureanalogon 2-Aminoeth- 
75 ylcystein ist. 

15. Verfahren nach einem der Anspruche 10 bis 12, bei welchem dieses Aminosaureanalogon 
Glutaminsaure-gamma-hydrazid ist. 

20 16. Verfahren nach einem der AnsprUche 10 bis 12. bei welchem dieses Aminosaureanalogon S-Carbamyl- 
L-cystein ist. 

17. Verfahren nach einem der Anspruche 10 bis 12, bei welchem dieses Aminosaureanalogon 6-Diazo-5- 
oxo-1 -norieucin ist. 

25 

18. DNA-Fragment, enthaltend die Sequenz von RoTR(D) wie folgt: 

GGCAGGATATATGCGGTTGTAATT. 

19. DNA-Fragment, enthaltend die Sequenz von RoTL(B) wie folgt: 
30 GGCAGGATATATACCGTTGTAATT. 



35 
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^^i. p^fTCAT*niCf *C*A iT r.CP* C TCACCTCCArCA rCTT ATt a€CaO C acXTACCCCaCTCCCaTCaaCCCCaCCaCCCTCATCCCTCCA<CCaT»C I (JO 

ecee£ATAclrri^ouuixcAATcccc*CTTCCcaccAlAr^ 200 

• * • • ' *" • ' ^ rs.*>%> 

^tACC£C*f^ttgTOCn^CTCCTaLCCT*CCCCfcT OCCTCCCCACCCC0 rgC« > a C* CC CCCaCCCCATCATaaXaCCCaCIaa.M ccc ut a 500 

• • • £*f\J m \ 

CCC4rC*^0CCCATtA*OCTCCTTCJU>CCntCgCCCTCCT7Cee^^ vUU 

Cf* 1 _ .iuJ.u , i L-HL^rriccnrMrrTrrrcT^»^^ h 1 1 r nrfrrrTrrrr^nrrrrr^rrT 700 

CATCTClCSCJLTeCA C I tLUL !C I flT l ImX i TCtCLCCCATCATCITT/UuUgTCCrJLTCTCCATCA ClCU> 1 1 <X CC0CyCCCIC*aXTCTT0C 800 

CrrTA^XTTCCXC^TCCCTCACTrC^^ 900 

^^^^^^^T^y^^x^TmxlATttX^T^TCi rr'rr i * ITCTa£aTCCaTCaCCAATCaCTATCATCCTCAATA.T TT* I C 1 1 1 * I r M 07 ^ f 000 

*cr AxLuTTTTTTTTCiu.rrCAAAjLiTrTfc^ rcTCtxiiirarTTATTATiJuuiTT^^ 1 f 1 00 

TAITTJLTAaXCCAAACCAATaAACA^ 1 ,200 

cv g^rr * rTP* A 1 i i «ii^^ TrmjL£iJAec^r7TO.TcrTCAC u lun ci c acatt at ttt a a * a t atxcactcai aiacataaatactca ^ 300 

CACrTTCJLg ^ it ^ ej g lTT cLercTACc^ i «■ :t i C AAcroccccToui i i rv iuxcc aCT aiaxc «j ^qq 

OACTTTOJUUUlTTTTOJlACrCCIBCCCTA^ "| §00 

r - f ~.. . . »^'«*^ * * T m ^~^^rivrr^T'-Af^TT{^±crT'±A.TT±ATTr^irt Jill TCirCCTCATTT^T'CCTCTT^ACTTA^CAATAAlAIT^JCA^CCA -| ^ QQQ 

. . . . ... *• • • _* 

fcCCCCiLrrTJUlTTATAA^TCTJLiXJLC*^^ rfTT * T ATTt*x£A7rAT CC Afr CCT *J 700 

r^ TT ^f ^ J CTT*"*"'H ^^^*- ^ *| 300 

• - • * * • • • * _ « • f\r\f\ 

CTCcjj4jkjjTTC*TcuT<JtTACTC4TcrTCce*TTOTCejuegi * rT ccTOJL Cic:ic i c cC M A4. i iuti.iLcii<. t i i: > ff * fry ** f *, "J f 900 

CAyAtAtxgTTTCAiAXACTCAATCiA .imu-.ci A 2 f 000 

rrr.rryi^ffru — rt-y^rrArerTTrr^rrcTLTverri wc kiikir a > < in * <C7i.TCjLCCTTC7rcCC*CM.i.«j>CTTTOCCAAAATAXA^C 2 t 1 00 

tACCCCO UVLUJU.* lCA TCCTAT t:T.Il . IL AAATA *. 1 l XCU.:tJCCC M P. '.lULUIOiC LMOOirCCCCC Ci l.* C C» > CfX l,> rr 7CACCTC 2 300 

cccT*Tccc»C7O u.iiLc.iuiC£ jucec c.iu-i c t ij^0CT r c» r iciccc iTiei i i f nrn jLrcTTCAi 2 400 

C^*ttTT*oi/lATATTAAJ^ATTTArrt^ 2,500 

^n-T ririixi Ti^TrnrnegrtA f 1 1 IH I 1 1 A^T^f.^i-gg^T€^A^TAXri.rCTTA.TTi,TAATTTTTCCCXi 1 IU^IXTTTATACCAATTCAaCTC 2,600 

TCCrrCACCTCXXTCCCtUCCACTCCtATTtCAtAAr^ 2^700 

X Trr^TTTT T\/j^v^ T'T*nT"^^ » 1 cat aaattt attcatpcaactti a 2,800 

"AjlTT CaO>aT ATTTCAATAaCTCaTTAT ATCACCTCCT aCaTTCC CCTaCATCaAjACaCTOCTC CCAT ATTATCTCTAACACATAAAirCATCAlATA 2,900 

CCT ACCTTfcCCTtATC^rCCATOCCCT ACTATCCCCTAO O aaTCCCCCaTT ATCCCaTCTO C * *> f Ct, 11 .111 ICCAXTTC*.«A CC e> e 1 1 > 3,000 

TA l I IU..I Iia AA^ATOCCA^TAATA^ 3, 1 00 

tAAATTTXUC ^ IV I C I CA TCAATCCCCTCTCAjCji^TCAACCrnCCCATACAAATACAC C * CCCC * I HI I 11 I . ilC ATTAClllIlLIUi: ICCaA Q 200 

» • • • • • • * 

TTcnxjLCin^a^TAjwrnrr^ g 300 

t » I ' _ i ' _ 1 ^i'^»-^r TA rlr^rrry^xTAT4.T^ATCrcri£XrTr^ 3>,4 00 

^ctxttcatctca^caaaatccataa^tc^ i » . » i n a* hi hcl : . i atctctctc 3,500 

C CaaCTCCCCCCCOC aCaCCCT aaCCTCaATCCCTC *CaaTCaT*a H..1U1 *£ CACCTCxC ACCTCCATCCAAA.rT AAAACCTCCCTCCCTrCACCTCT 3, 600 

CTCCTCAC*C3ecce*r*CAArT C r TCATT*^rTTCAT*>t^C>C*TTTCACA^^TTTC^AA*CCAT*CT rf t fTTC t a J TTATAr^TTATATAA 3,700 

trrc^ATTi>cTACT7TATCCCTAJ^TACCArrccTTrAACTTTiA 3,800 

AArTttlJkAAACAATlArTCTTATVTCAACATCCC^ATTCCAA 3,900 

» ^*CTT7t*TTCCTT*AATCaT a^TTjm^CTTTCTTCaaaaTCTCCaTCSCaaCTT *rr*7TCCATTT AT aaCaTaaCJCa C IHUl 1 CaTaCaCCC 4,000 

A_* r CjvaCC* n CaTTCTCa rCa T CTCaaaaaTTCT » * * * J>OC aaCa TCCT *£aaaCT7T AA TTCCCT aaaCCXCCAaaa T A ICCCaaTCCAATCCCTT 4, 1 00 



Fig. 2-1 
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CmCAATCCCCCCCCCMTCCTAACACACCW 4,200 

• • • ■ ■ ■ • • • * 
A*tCCTCAA«CJ^CT*C6CCT«Cr7TCCT6CTTCCCICCACAITrC=C*CT 4. [<QQ 

TCCTCAOTAtcccjXTreecAeoukCCCTCCTCTTecc^ 4 400 

• • • • • • • * ^ 

CTCic**«c^ecocceccAcrrCATAnc*ecTTTCC4jukm 500 

■ • • • • ■ • • * 

mcATCACSiaejkMJj>cuj>g*rr7m» c * MC T0CTceAciT*CTCTTn*^^ 4 PQQ 

TTATreA tUlXlU iAI X TC CCr «<TCTfAC.^ ^ Ui^l CACCTCCTACCCCCACtrCAe 4,700 

CA r< *T T » c* « cw tscciAtxeACTCCCcrArcw 4 900 

ccTc cu ji T crTxCTAc nT i r i r i i ixLLic cccTJ CTCC MC* r ii,TOCACce c T ^ieii.re ccTJiTccccccTAj^ftTr** Trr r f.. ihu ccccac g 000 

dc cc ACA CC A caiut, i acccaw iT tM" A ro PCAT TCC A c^ g 100 

• • ■ • • • • • 

ctcatccata iiih.1.1 * c<oeecrvrmt)HCir i rc i cn ,i M ,i>i innm cr * crTr^r iTceTi iciii » . cejL» i.iLcx j u *.T Ogccc ceee g 200 

» • • . • * * - • 1 

.i.U'.iii»iuiuo ** ix » t ccca cii.c. a t^ iiili act*cttct<a g 400 

cr i cc * ffT * cn.inix cTTTCA u,Aui:uiux<.A i nxa c r * i fr * rr r^T rrrr * rr * iu<t.iu:a u L.iL<. *.*<.rrr c ii Aec oLrrr» r > rr »4 g 500 

T C >. MCrrr * J ACh C rATTCXATCAATrATtAArCAA l A T TCAACT^ fcGCTCO CCCCg AT C <A C ATCATAT7A M . C UA CCCOAATT g 700 

ciu^iii cCA iica^ TCTCi.i rr A>f:i r TJ LiLiiii o.i * iiLit_A Arrr** i j * c i.M crn rTci. ii.!LU-.i JLTTT*TCr* r » c i*«*i o- *^ mi g 800 

TTClAACAArCrCACCTTCA CHU IU, I CAT MCC A C T CXT AJCA . U U.L I * CC MAAICCTCCArCTtACAAIICTC^TAA l^^ g 900 

ccc ci ru intXL4 TCcencrr* rMfr i c * « u.uw * /trrrM i y accattactcu^ icca aaac c g 000 

CT rrcrr iT6 ciuu,iiuxTr > r 4 t crcA M.itxA i n > » rrr * c ej u.; iuiL:ixu.U ArATCTxTArT CC CJJu> c i^n ci\ccc c g c*T*CTTC g 100 

AATCt«juccTTr^xCT^* AeACTc^iix ilill x iixcatccactitxoxottttccit'ccai i ii :iu. mco cjuctaatco »ccccr 6,200 

ci : 1 1 iu>iuu:a^AA>*ctirTocAcccATTCOT^ g 300 

CTC7» Cr A r ^A TWX * Cr WCXiUlTCOCTT* Crr c C TTT*CCAT^CCCTT C Ok Cri. I .U.LT. C4X ATTTCACArcCIACCrrATCCTCC MJLCCTCATCC g 400 

T C AA c c c ri ttcc A u..iu.:«iLLM l c .ATtc ^ g gQQ 

CC ACCA 1H ILL I AACC CC IAA C TC CUX I OXTCCCCCrCCCATTTC CGCAC » UL1 1-. 1 1 W A I < CCAACTCCTTCATCCrCCCCT ACACCATCTTACA g gQQ 

atataT C aaccaaCTCaju. j v . u < * rr C M C4. 1 1 mi la ca i u. 1 1 i fc rcc ACCCTCCT» i n . nu uaxcAAAT rr u vy - cr * tccca i « lu. . c g 7QQ 

crcCTCCA iiLiu:iii...,4iuiiu..o^ crTTAOccjc c ' icic.iuj LTC* ri i,i i »ic& cjuLATce rr xxA r .*CTC c *e*, C TTA CwtxxL* A^gA t g gQQ 

AecccTccAAtA£Am rr *<*cccoc^CA jarrr A > utw,ii imiA jCAg g QQQ 

ccacat auhu .i ccrrc uAaL.c ccTATrACTCAr u,uwu u^ ^ > .h ct o a cc c u *J QQQ 

Tcrcr *rcr<u. iuli inn it * crr AT* r . r * gCMvmnt i.rc « c iCAi txiLinA.iu:it AAAOTCc ^i.ui^ y ~|QQ 

CAACCTAAT rrrnT A rf i i ci cci— u.i i iuc rccA Li u 1 i\ * tju crrcrm attcacatcctccc i, * iu. ila tcaac cc *tat c a»c aaaatcac y 200 

CCCAmCCCCTCA>CCAATCTCACAAttlU>lXiaXATC^ ^ 300 

CCCCCATr O CA,»CC<.«J> A T ACAAAAATAAACAtAACCCTTAA ff A TCCCC ATATCTCAACTTTATCATAA^CTCCTCCTCAQkrCTCCACTCCCAAATAT "J /|QQ 

• ••• • • • • • * 

ccjucTCACccAnc c cT C ACATcccArACCAAiA wniu ^iCAC^ *cccATATCAC*c c ArccrcAAAA <:iL;tV y gQQ 

CTCATCACT r >.* cr ».i.«A :n.tu.n *f * c c irAi a: iu.cn Lunv i cuc AT C ci c rff t T ceo * *.>oi» c TCTAr;c cc : c ^ACTATCAe7xsc ^ 600 

ACCATcccAArccTAA»*ccix7A^7rcCTCAT^*cTiATACATCccAccAccACTCCc*CA acctcttccccctcccccacaaaaaac accc* *tctc; y 7QQ 

CCTCC rCC * CO e>A77TCC*CA U>H CCOCC Cm IC CCgACCACCTATnrCTCCCTCCCCTCATT*CCACC^^ Y 800 

ACiCACo^^rcrcTxccr*ccTrrc*>>CTCA* 1 1 < ci « i CA*ccACTccACAoeccTAATCArA ~J QQQ 

Ca^AnTTACTTCCCCCCrrCCACTTCTTCiTTTCACA 8,000 

TTCTCCACCCUTTTTCC f *A»CC r CMTtCTCT g 100 

CCAACTTTTAIAAAITCCATArrAATCir^TCTTCATTTlTAAC^ g 200 



Fig. 2-2 
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CACTCCCCcItAAf ATC*r^7TTAT^rt^AAAAX fcr^*CTCItAC*rTCACTC*^TeeC*OCTT*TTTCA*CCArCAAATTTTCSTC*i i * . i . g 300 

TA tAaT^frAT Mirror ^rrM.AT"^*****^^ 8,400 

CTCTaOTlT7n**«^CAcrr«TC*^irr*cIx*Ai*tCT^ 

« « • • • • • - * * 

»*••• ' • • 

• * • * ' • * « ' • 

ai aaccccctctcat aacaojlttctct a* r At amuatcactttci fcrTCAATATAcr tf C*A * «ju c rrATCCAcerceArciA*i » » , ccaact 

• • * • • ♦ •* * _ • * 

• • • - • • • _ * _ * • 

TCATAgxgTOkrcr *sr jltctci atxatcatc t rrr.c\ * rrr rrrr rrtATTcrrc *crt tsn tccacctu. > I <x ii>A<Tt£ATn:crcr * i * r * ci: g «JQQ 

TArrccA4rrco ^>iicxnic co,TArtATTrr r^i rI^ 9,200 

A<XCCCCT C^«C AITCTXITJLrXJjiA i, HU t ;, ItOTTTCClJkTCiJXCroW'^TCACCCCCATTCTC^^ 

... • • • • • * * 

^' ' Vl'^^ 1 '^^' ^' ^^' V t ^ 1 ^ Af CT ' <Tr ' uT ATCClAC:::: AACTTCATT AATCOCArOCCfOCCACTAj 
*■•>••• * • ■ 

• • • • •*• • * * • 

CACcccTccgraccA U..uu>:t ATCTccATAA^ * ; acttccsacaatcc*t 

• » *•'•*• • .»» *• « 

ecTCTCTTCAAAriTrArcciccTCAACiu^icnAcm 

AA?AAACt aT'CCTAACTCTCOC'TCT'X ATCTAt AArrTCrCTAAATCTTTAAj AT AT ATCaI « r > > crr « iTAAAjA7Ti.^A l AC^r C TTrTATCAAAT 
ATAAAr*rATCATtACAA i.U t . 1 1 AI ATTTCSCCTaC L I : « lU^ TTiTTTTCCCCJUlCAACTOCeCAlArrCCT C * * * « fX * C < * M M »l tl fcAAI 9,900 

rrccsc^ACTcecTTCA i.: ; ; ;u. : i att aai aiti actitcacaC£ac7TCCT atcattc cc'ccc * * rc iCAc e: UL.muii l aaaccatoca 10,000 

TtCAATc^ccATcccr cTirc fc ATfc « t vm-« 1 1 1 acca ii iml i incATrrc* i,< c » T CArc*AcrcoxcciCAACTCsrccAccrrrcA^ -|Q 100 

ctct a. ■ ct ttt c * * * err atct acacactaactctccocacatcatcaa i tjl i txcrnrr * < TTTcrcTAdrn iTcr cr < t > * * r * f * i tt axq^t *| 0,200 
TATcr r- * . i >,< * r * fcrcTTCTAcnTCAAATccrTCACATccA i m« i ux>taiAO.CTcrucccT*rrcT^rccrrATAOkiTrcrc^ 

CCCCO— CTCCaaCC C TT A.* C CC C *S. a C CC TCCTCCCATCaaCT fcC* C C » i ■ < TC*A T AT7CA TC Ct CCTaCTTTCT ijCCAArrCACCCC 



8,500 
8,600 
8,700 
8,800 
8,900 
9,000 



9,300 
9,400 
9,500 
9,600 

9,700 
9,800 



10,300 
10,400 



10,600 
10.700 
10,800 
10,900 
11,000 



HW. . . C -Wl»: CCArCATACA l^«lXU AlAAAA lC.«.W*UU AAA TC»,* t CA L'«Ll C ll A Caa I . > jl . JLA ATTAATTATTAAreJJLTI * r * r t> 

a ulj.. :uA.»ii; AATrrtcrxcA ».uu iccTCCccn T ^ 

acaaaatt attt cc * * *c * rr . i . n iic caatcatt* * * * *t ataac i n— ♦ atacatt att A Cr: * rcc* TAecTTi r i* r * r mT> r * ^ *<CTAoe 
CATcccTccecaTcmcci x ijuucACA rci r viim A Coo^ 



TCATAA£CTTTCCCAtCTCACACT C .L.1U., ll CCCTeCACCAC U. !tLU:. ; CATeCTCCArCTCATCCTCCTCA II I It ICC IllCl C' l ACTCTUT ^ ^ 200 

" * * * * * * * * » ^ ^ _^ 

ccTCcccccccrT«uuLAcerrArTTTTCAiTC7TCAri*TCTCSc^ «, r *»CTttATrrcT j J ,300 

AicTcccccTTCAiACTAcrTCACCACc c ^ i i tLiu^ TA>iATTCCArrocccTt£CTccirrokTO ixc * *| -J 400 

* ^ ^ |500 

cTtXACi^TCCATirrACTcirTCATCAjjuriXACCxiXTCTA^ -j -J ^00 

in. i c e * » r cr * c 7crrc*TXTC£ccccTCcecACCATAACccrcAAAicicc^ t J uu tctactacaa "| *| 700 

atacct ccc ccrecT *>TTCTCACcccTTC i- . . . : i ATATT^cr*AccjuuxccArrcAcrTCArn3CTCACc ^ . . : t- ATc eu, i l i C AACA rr i r < r i -J -| qqq 

TTCAt*XC*TTCACTrf C CC^TTTCAATTTTC>CCTCCrCACCCTCfc^CA Itt IH CCt o » *.» TTCCCCCTCC«XCCCCCCAaCCaI IM CC I CaCTCT "J -j QQQ 

C^CCTTTC*CCTCeACTTCATTTCCCCCCCACATACi CC i i.» »■» o » TCCTCCAT*^7TCTCCCCr< > *rrr* o^rTCC^TTACCCCCCCCCOCTCCTOCXCC 12 000 

ccrrro^iccTcccarriACTTTcccT "J 2, 100 

^CTCAAOC7TATT*crr crcccc TCCtfi tf ic t cc i acaTact ^cccxrrcccccc7T7TCAj^7TTCAAT*^AtTrA -J 2 200 

ACCCCnCTCCCC L. 1 1 : . ! I aaaaTTCCaITTCTaaTaATa>LMCCC*.ATT CI I IL 1 1 ATTCTCCCCCTCTArOTACATCrCCCT aTaaaCCIATTCA 1 2,300 

Fig. 2-3 
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CC*CUTu2rTCTTTTCAfmm*TT^A^ 1 2,400 

♦ • . ... 

cccTCirAti>rTO>ri*u^TO^ctT*A*rtxca^ 1 2,500 

ArCAlCCC4TOJJ*COCTCTCiX4.TATCTCATTAJLA«cIcCI« "J 2,600 

TTtC-tCCTT T*^ A ^*^ r ^ T^ gr ^ f;rgfTAg ^* gTAT Tlf * f Afl 7TCCTCCTTC*CCACCTCCCITOCCrCCTCC*CT*C*CATTTCATTTCTCC*i*CriCC "j 2,700 
ftr^m fimtigntfTf > irrrmTUTkCTl i ■ ■ TCTtgTTCACTTCCTCAClAACa ACCCAtCCTTCAli. HI CI HXACTTTCCAlAlC*C 

12.800 

CCTACCCCTCAAACCTCTCATlXJU. in..l.lt^^ 12,900 

^^^^j j^r^ATeCTAAecegTTCCTCCTCIAITCOCCTAJt C AOCC C TCJlTC tCJ ;cHL CiCU.*CTTCCSCT*C*At .tiO^iw^MUi^. "J 3|000 

TeCTCCAltgTl ll«WICO t CCC i CM TTtC*CC* C^^ 1 3, 1 00 

tATTr rr ■ r'^^'TTT^ ■ " rr i AimmamiAigaarnat^^ n u u iciCiCTTACCATTACCACCTC "J 3,200 

TrrATTT , *r- *fr i, *TT' i T*T " r - t T "^^^^ m-mjl ullI i tx- tTCACDOPc*T a^ct o ca aaj ccTccACTT*AACTCTCcnccA. , i ccc < or * 1 3,300 

cceciAcnxccAAJTCTAOCAcCACCCACcicc^ * r *ATiMi\JLiuxEe*icci m r* ca x** c ***A A 13,400 

*v - ^m " g^ ntiw™* i «^u^-TtiLJuurrmm^ a 13,500 

rr^ ^.r.,- ^. i ' 1 1' 1 iLii raLt^TT r riTryT^ i r * TT t' * ry > r * rr r rfrTrM^ ^ "JQ 600 

TTTCCOCCACCCJUUUlTTttCCACrTT^^ AlUXO inJLTCC7T C * JCC C>C* rC Tri*AAT*C<.rCAATCM 13,700 

TCCCCXArrlrrO^TTCCCATJULTT^TTTAA^^ 1 3p800 

^■^ Tn^r^vr H^TrrrrrT^ er ect *ACA , c>.cicLuxic:ccTc 13,900 

CA^TCCATCATTAAT7TCCACXrO*» 14,000 

TICCgiCerrTCriATTTeXJULCTATTCOCOCCIAA Cl 1 1 l\J- fl. IC *TCJLTCCTC*CT CCC * r f 4 T *lA:^CCSrTCtAAT7TC*a.>U- 1U 1 IAAT AA 1 4 f 1 00 

CTCCCX^ AiUUAl»UCAIIWlUUWA+l^ ^ 14,200 

jLcceJLTcrr c fc ccc c c eAji t ceauTcc ii iicl* »U i C i i cr * r * rr * c > r i t cirrr fca xc A XC c* -^rnsaxAiiui .u iaxcshuxatcc 14,300 

TTocTccccaajncrT^cc^ 1 4,400 

nT CCft TT A|T ^_i\TTT7 T"* J T 1 1 - 1 4 1 A ^ / ^ J, ** r " ! ~^ rrrr * ^^^^^^ * I LC CAA CtT T *| 4,500 

ljri< r v-i^ijrr-^A<rrr^±iTrrrx^ * U»ATCt ^ 4,600 

f^^^-p ^X^rr^nr.^ |. nr.-r .t ui i o i il at ttt . ffCT i mri A T J i m-gH GaCACCT HTf f < ■ i"rt* A /' flCCrCCCCATCCATCrTATTCACC ^ ^ 700 

• • • • - - * • * 9 

TTcccoCTcac*.TCJ tf. 1 1 1 uxuirc AA ercrr ci ccttcagc toura tccca TcaxojucAcec^TeAX. imi ccccactacataccctctca j ^ 800 

CCrTTCCTTtXCC^CCAl U , 1 LL It *ri X 4 A ATOX^U.lUlTTXArC*ATTUXiriA>rO^ "| 4,900 

c* xcrr A r AA^T Ccc cocAJi ii:uxc ecctccciTT^ *| g 000 

ca co i C A rouu.icccc AicccAXC ix^ »i rrrrr AA n u .i i itAAAUTCTCCCTACTrAwwXi "J g 100 

CTTCCCJ UXU. 1 1 LL Ul ACCTC fcCll 1 CL 1 C ATCCA U. I CA 1 UXi^CTOgATTTrrC^CATCCCCCCCC *CCCCCaCaCCaCa.TCCACCC. . I W I CCT -| g^OO 

eCA.TCCCCTOC*CC*«CCTCATCAT^TtCecCTCCCCC^ 1 5,300 

Cfccccnco c A r n w gA OT ATCCACCCATOAT crc * » rnr rccccii* C ACCi cn ACAAceccCTCcCACA^cccATCAAa^CTTTACAACcccc* "J 5^400 

arrCATTtAicccccTOAirjki^^ 1 5,500 

TcccouTATi ca^ »n ccr A>^A. cc * cr iTCJ^ATTAca:«^ *J g^gQQ 

axTcccaracA ciit^ilc rreccAJucrrcAc^ ^ "| 5,700 

C UXl C Kr u.TTXU,rCT*CTCAACTtfCOTACnAO^ *| 5,800 

ACccg^cTOXCSCTCCCorTTACcrcCiA^ ^ 5,900 

CCACCATAlAT^ACCTC7AJUUXAT^FIT«GCATTCAr^ *| g^QQQ 

c>ccccrrACAATCccTc<CTCA>cTm 1 6, 1 00 

fteAAACTACCAAATTTCCXAT*TTTCCCrTAATTTATCTA>^ATTCCC Cll.. U LCC^TTATTajjlCaT ATTL 1 1<- 1 Li I Ajl£aCA>T AATCCaCT AAFTt *J 6,200 

»cAAricgTocc*ATCCA K : autiu. n.ii.in *ju u.. 4t< iui i i(XAcec<^»*rcAcc^rrCAAA^rCA>ccoTCAOCcrnccAr *J 6,300 

TTTTTT*AACCCrmCTAAAAtCAAATTC7AATCr^ 1 6,400 

Fig. 2-4 
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<UUrm««CCCTC4rrT««CAC7WCCCACCCATCATCT 

.,,..*»••• 
e»TCCACTCJuxti«TCfcTt(iicrrrrcx>cccTMJLw 

« .*••••**• 

CCCICCCAAtTTCttAATTCAA I CI 1 1 |CC CATTCr orCrC « CTC CT ATaaaT ArTACAA€CTCTCCCCT^^ c cca t c 

• • • • • - • . 

»CTTAn*rreCAT«*ACTT'> crcrX AACCCC«^ ' *«mCAniACC=CACTTCCACT»XCAAAT 

• • • • • • * • 

rTOJUTTCCCeciACC*<YfA»Crrcm*C«CA^ 

TCTCCTUT^TCJUUUJtfObk€=TOCIXCCrCTCTCAOT 

tt-ll.l 111* k**** *A+MAmm* i | i i !< '.! ■>. ii i-i ■-r-Tt^ccrrT^j^^rrt^ ' 

• • • • • • ■ • • * * . • 

tlXIll' tl"l C »^**^' < *^ > T^ J ^* * iiyt»trif»^Ai'/-pv-»i^ir^«TriAr/-r«f-rrrrrTT^iTL 1^1 111 1 A-TCTArTTTlTTT^gA CCATTTCC 

tACCTCTAtlLll 1 L !JLCTTiAAjCITCTiJL.TCTTCCCrCCIT 1AT AAT A ATTCAJ U- 1 1 1 U rHTI AAX AmACCUTCAAACT AATCCAAATTCCt 

• • • • . • • • _ • * • 

ACTCACIJtArTXT'.CM I.I I JCAICAUALi ,A ATTCCCXIJLrTCTM.i AA TTCAT M ATCCTATTCCATTCTAAA^CATTi.AACiriTTAACICllAAAX 

y^*-..*-. .Y-p-^w^^^rTr^-rrr i m i i | mriTr fi 1 1 1 * AT A « irra-TA J i i TT 1»l I lf»l PT ifi i rirT ATlJLgTCATAAAAATCreCAACI 
CiJUULITMQCUiJLrCTCCACIMU. I UXl 1 iCATCTTAEACrrrACL- I iuX lJ07ATCATiOLC7n<XCCT*XTTTCeA<CCICCICT*CC*T 

j-i-r^.r-rT^i—nri-ri * J ^ t A^l TTTTf irfff^ 1I*TATT*T*^1 f IfCCCTCJ-^CCi- 1 a lLLXJ^ 1LXA. .111 

CACfc i;xiiiux Ac* A.iumjciuj CTECT^ 

Ti>T MICC;C CACATIT CeMCrfMr r7*.TCtOU IllLU ATCC 

criJiAiAAAA iiau^r c»TCArATO 

lU 1UU 1 A CT A I O CC TXITCT4IITCTACCCT*CgrC» C i, Cr *J> C riOUXA*I7^ 1 1 LtUX CACA CCCC TCAACATTT 

crecciactAciacAxcocc nAC fc CTX i r^ * MT i T a cco icTttCTATAAtUTCATiTC ^^ 

i inLi,ui.u:iLuuu.niutuL * gT gT ^u^iiii T* rr * oncT » c fcC* cnT.iictLt »<ATCc* recrAC»C Aiin.u' c a m i I ici *u. 

T CTH^>reM i .;iu LrccTTTAJCJ^^ ^uccAUuiii cccccccTCAccr ccc < iXMCccc *A e c c 7^^ 

n e n <: T^t. . t il iv t cccecTAcrroa i ice iciac .in <uuttcccc<x*ccc uTAATAr circ nu i i uuiiAi iaaa j ctaaitatcti 

TTAArTTCATCCAAA J l» , I l**£CAXAAl I ; U ATtAAgCTACTAAATTA l All II 1H l AAATCCAA * I * I CCA I I CI LC 6CATTTTAATATCAAAATC 
T*Jn«Ct U T AC*C«ATJ aUiCliCO U .IA.IJU.LU > r iJL T CCAlCtPCT*TCA T * *AA< T T A JC* A 1 li l *.*. A T TTTA ll iUXIL lATTlTTTTACCA 
T7CCT kTZA.irrt CgCTT AAATTA1. 1 U k LiXCTC*CTivCOCATCJkl'l U 1 IATTCI C t l, r * TCACCCAT A CT A<A T A7TCT aCIaCTATCCaTAATTTA 
TTT C I * *ATTO*TAAC»AA»CX>JACCrrACJkTC^ fcCUI ATTCOCCCaCATTaCTCA 

ATAiTCACTAAeAiXACccjuirrcT C i C > rr i rructLtii^ 

ATlXA UWUCWACCLICCCiUlCC MCATCCCACTt^^ * mrt 1HHX1CI A 

T nCCCrMfc 1W tCCA AArC Ci lC^l fcT&Ai MX \CCT C *AA CX TTACCCCATA Cl HI 1CA CC CU1U »C *A.M.Aii> C TCrrTATAT Cr » COT <CrACC 
etr*rTCCCA *CTt C ICC CAgCTCAOJlTO^^ 

TOCAQCTCCJU1CCCCIX.H ;iCl.IUCAC»ACrCA>ACOCC^i>ACCCTCCCgXU.CC»CC»r 

icuc* A Ciciii ' co .A Aiiixi ct xc * r^ «* c * ^^^ 

u ut^ajummutmuunmT Ac c nccA cr aaa i t * mx AXTAXCATCTCCCTACCArc c *a* cc ctcc c . ic « 1 1 c cccsctcaaa 
nrrruim * rr i, T At c * <ccr * CTtrr > <. itKUinriLuau ^j> rr * cAUll »ff>*iri l.icuiuia£sccliiiu.au:i filACAC 

.UUVCM.1HH I . C A T l CT TTCAA C A C A CC *CAATCAA IC.ClLll CAGCArCACCCATT 

cccn AccTAAT r *mc rc w c>i,mxc ** c < iccica ctat acccattcaa ici a > i h.caattcccaacoc*cc»cc«cc*c*t*>cc»ac*.*C4CC 
TeecrCAcrec*cTceccccTACACcc cxuxu.u:uLWi r * f uluxmi hx ctca ttci acaCtccac i i c i * lacccatctcccatcatcccc 

T7C*C*CSCCTCCATACACCATC7CCAtCCA . I ICC I C 1 ArCCA^TTCCTT ATCAAATTCaCaTCCT ACTT^AATCTATTCCT aaTTT CCC AA C AT ATA 

*T*ccic*co.A c ccrArrTATrcA «i im *j>AAcr.<cuccrccccTCAco ccc i r ccTC*ccccCA i iccca iiaicciu aaacccttctttcctaca 
-•••»•«•* • 

CnTTCACT * CCC A C CCITCCCCTCTCACCCt ATCT ATTCAAAAC7CCTTAATCCCTCCCCAT C A A C A AAMCTTCCAAT AC AAA O CM T* CCCCCC * » 
*T7OC0CC 0CCT7 CCCATCTCCT ACACCCCCaaAT A<m CC * CO.M TT ACTfcCAAA*»TAAAAACT *CCTCAC* TACTTaCCTCACC I C . HCCCaCTC 



Fig. 2-5 
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j^ rc-^^' trrr^T^T ^tM 20,600 

CL^ccTtALuucrxAArrn^CAC*OT 20,700 

cajcr-^"* ^.^^^rrt^^erLJgTTcaxtA^^ 20,800 

TTCCCCWrAllUUMlIcTOXTTTX^ 20900 

• • . • • • • • • * 

tClATCT*OCiJULrCnCTCAATCCJagTCCCCAJ>C0CTCTW CCACrCATXT*^ * C I A* * C L I U. W CT CCTOCCCCArCCOSC . uti I LAcccn ^00 

CTicccecACT*CT*c ujcAiu:i *yAAc;eAceAceATA£c riT »i ^ g "1,200 

cqw^Ticur><cr*CT*cc*ccrTrTcoccirrir mccmi un tuiCTACccA<grTTT^TccASTocAscATACCTc^^ 2 1 AQQ 

• • • • • « • • • ♦ ■ 

f T'^ 1 ^ * T** T "'"* ' ' ' T TT^A^'rer_Areaar-rPAgTAAAf»AA I ili I lll rr-rr^r^Tr^TTrrr^CCTrr AT I 1 1 f t r 1 T CAATCITCACC g *| t 500 

• • • • • • • • • • • 

TCTCAACTCJULlllin* ^Lfc^CCTCTA^OCJUlTlCXITCCTTCOCTACAATXTT'ACC* AmTC&gTCCCA^CCCIOCCi * MCO CTCAACATCTC g .J ^QQ 

c^jiTCccA^Ttxgrrcflccfrg^^ i nxnux ACTULeATt x. x 1 1 1 itxx ciAATTrcxTTCCACCTCATc*CAtCATCC g *f 300 

MCaXAfcclT4TAXgJUUU^lU>>IU.JU>OCAATO '■ » T * ■ TOCCTCCTArexTCWeAATCTACCCS g *| §00 

TTCUCTCclAC*£rcrC*COCTTJUtfCtCIAICT4 22,000 

TTAAAT*JuJi,tTi.riATrATCTAccrrr^TTCA^ *J 00 

AtcrcAXTt^AAJ attt attaattctjulccaat t * c i r < i . i rwori ,i t < f< * » « T Acrcc^cTt&ujiTeAAAATT*^cixAi»CT**T**ATCcsTCx — — oryi 

• • • * • • • • fcgjfc Uv 

• • ^c^jKaj 

ATcccsgocTtgACoc n- * c c ac a t tocci*ccitc^=ujcctcic*ooccccccttt*acc^^ i xcc 22,400 

ocTCCccrcT aa c jia c. aa, nrvn-ciTccJUJ-. i . — n * rr » r ■ rrr < ctcc«ccccotcoxctcmxttx^tox7^ 500 

cxAtrni rxTJUurraxc^TrACixixcrrrT^ * caa u l * u it i a tc » a ca rrn: » r >rnrrrrTcc«*>crc*CTX 22*600 

ccTaxcAOcc^c>ccTrArcrr»rA>roAjcrTC^x^ 70f) 

• .... • tt^/^w 

CCOgC fc C T* CC l.* CC * y ATTT*C?TC4J C i CtXC * r i ULCCTCCTACCTCCrCATTTTO. CCt H CO JITTCA 4.H.U 111 1 1 C AAICCCaCTCTCCACS aa OfV\ 

• * • • • • • • r 

CT* rr *fc f/T T r i r i rrrr MT C >e.i<u iux;ixrc«^TAAcrrcAaxcACTCCATCAAiTC 22,900 

au u lie t m CL ATCcrTCCAc rrrr > r < r i totct, r < co ATrrrCACATescrOkCCCCCTCCCT 23,000 

T C AAxe*CACCTATACTTATAcrccAAAce&*x cr » f^ ^ OQ lOO 

urnax iTT C AAA Com. i i^MJ i t fr raurcTc^ iujjax rrix iiJCi ^c xccT Cj^ a rm OQ POO 

• ••«• • * *'\ w 

CAirxiux^TJuicc*rtcrccccT^ccTACc^ i r rcoc r i mf < r < * c a <x aitacctccacacc 23,300 

CCArrCCATCtTCCC AAlCACUZCIUA.^ 23,400 

TiinTCAC*fn-4r.rrTi^Ai.iL>i uiu^iiLu.aiiuukTCT 23,500 

eAiciccfcCCT cr A fuxiu*A^uu*ticre^ 23^600 

ATiuu>rr<^»CAAACcTCCArrACiT^ iti > rc * nc TCTAc iiu.xc A i wcii* ATccTCT*CAeAAT r t4 rrT ACTT*AAATT 23,700 

AT U. Hill » 11 IH ACT7AATTAAAACTCATTAA I MlUUIi; Il ATCACTCA rC C X ,»r C 4 TAT4TCCCCrrCT^TTCATTTTrATTCTCTAAAl ^g^QQQ 

ttctcta i i ii» Hi i i m iua.1 tctaaa , n » n i i , i i » r * rr CT ATCCJuurrTCiTtJLTAeccACCT ^ 23,900 

rr ccc *a i u. u i iviicccrrACCCT*Trgc.ACia.u..ii 11^ — 

ccrec uMiii CAccATCAAACCT^Ai* uu,uiwuAA ^T^^ 2^ ^00 

cccat ci ul iu r. * «rrrTTcccAAjiTTcucrcccTCCATCx*A «c»ccTCijfcCcccc *c*ACfC*c<^*rTfcCACAAC 24^200 

ceACTC^ccATcmccccTCA>ceTccccccccTACc^^ 24*400 

.^rriff i rrn i . . nwrrf i^ ^^.r/m^^w ^ r^ wfimy i f if rrrrrii ifT imrrriiTeAeirgTiA f frrrr g^ QQQ 

CCTC*CCTC*CTCC1*CTCA rrT t »AATCL*CT*r.<k<U>C C CCCC U, til ill U. XC A CC C r r iTC o CCC C CCCCCC CCT*OCfcrCATATCAATrt 24,595 

2-6 



Fig. 
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RoTLCB) 



Bam HI 




Fig. 6 



Bell 

(16202) "f-EooRI 



cleave with Sma I 



convert Sma I to Bgl D 
^with linkers. 




(fragment2) 
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EcoRI 



Bam HI 




Fig. 6a 



EcoRI 



cleave with Sma I 



convert Sma I to 
Bgl II with linkers 



cleave with Bgl II 
and Cla I 



EcoRI 



RoTlXB) 




(fragment 2a) 



da I 
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Fig. 7 
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EcoR I (fragment 2a) 




Fig. 8 
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Hind 



RoTLCA) B9, ! fl ^ B 



(602) (1617) (11207) 

(fragment 1) 



ocs 



Bam H I 
t 

Stul 



Hind III 



, RoTL(B) 

Hi— 

Bam H I 
(fragment 2) 



Hind 111 



figate 
Bglll 



1—1— 

(602) RoTL(A) 



008 RoTUB) 



(fragment 3) 



RoTRCD) Kpn I 

—I 1 



(21763) (24337) 
(fragment 4) 



□gate 



* 



Bglll 



A-ocs-B-D 



Bel 



Bel i 



(14711) 



Bell 



(14711) 



(602) RoTL(A) (1617) 
(11207) 



003 RoTUB) 
(fragments) 

Fig. 9 
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RoTFKD) 



Stu I vxSS^ ags/mas 
"(21673) 



EcoRI 




Kpnl 



Bam H I 



t 



EcoR! 



cleave with Stu I 
and Kpnl 



convert blunt ended 
Stu I site to Bam H I 
with linkers 



cleave with Kpn I 
and Bam H I 



ags/mas RoTFKD) 



(fragment 4) 

Fig. 10 



Kpnl 
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Sstl 



(18472) 



ags/mas 



EcoRI" 



(16202) 



p403 




(21631) 



EcoR I 




Fig. 11 



cleave with Sst I 
remove 3' - overhang, 
1 add Bg! II linkers. 



BgiFI Bgil 



BgJU 



i 



cleave with Bel II 
and Eco R I 



EcoR I 



(fragment 6) 



ags/mas 
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RoTFKD) 



Hhdl 



BgID EcoRI 



t 



RoTL(A) 

(fragment!) 



annp 




Kpnl 



EcoRI 



(pBR322) 



cleave with |<pn I 
and EcoRI 



EcoRI 



ags/mas r 0 TR(D) 

(fragment 7) 
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Kpni 



Eco R 
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(fragment 6) 



ligate 



f 



Bg 
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Eco R I 

I 



W\\\\\\>IV\\\\\\M\\\\\V 
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Kpn I 



ags/mas RoTR(D) 

remove Kpn I 3' - overhang, 
add Hind III linkers, 
digest with Hind III. 



Hind III 



Bg II 



Eco R I 

EMI EjSS3 EESS f- 



Hind III 



Fig. 12 



(fragment 8 ) 
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cleave with Hpa I 
add Bgt II linkers, 
cleave with Bgl II 
and Bel I 
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